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HIGHLIGHT  SUMMARY 


Efforts  to  extract  the  geotechnical  information 
contained  in  the  subsurface  investigation  reports  held 
in  the  files  of  the  Indiana  State  Highway  Commission 
(ISHC)  have  extended  over  several  years.  A  total  of 
9442  sets  of  data  have  been  stored  through  early  1978 
to  mid  1979. 

Both  conventional  and  nonparametric  statistical 
methods  were  employed.   The  data  were  grouped  by  using 
physiographic  region  or  engineering  soil  classification, 
or  soil  association,  or  a  combination  of  them.   One-way 
classification,  two-way  classification,  ^nd  factorial 
experiment  layouts  were  used  to  examine  the  distributions 
of  the  data.   Regression  analysis  was  used  to  investigate 
the  functional  relationships  between  design  parameters 
and  index  properties. 

Topographic  features  were  found  to  be  significantly 
different  among  physiographic  regions.   Remolded  soil 
characteristics  were  also  evaluated  and  contrasted  between 


XXX IV 


physiographic  regions  but  also  within  AASHTO  classifica- 
tions.  Statistical  soil  profiles  were  developed  showing 
the  relations  of  soil  characteristics  versus  depth  for 
soil  association  within  a  physiographic  region.   Finally, 
soil  design  parameters  were  estimated  by  using  index 
properties . 


CHAPTER  1  INTRODUCTION 

The  need  for  knowledge  of  pedological  and  engineering 
soils  information  for  use  in  planning,  site  selection, 
design,  construction  and  maintenance  of  transportation 
facilities  is  recognized  by  civil  engineers.   Data  are 
necessarily  limited  in  quantity  and  quality  due  to  eco- 
nomic and  time  constraints.   While  large  amounts  of  de- 
tailed soil  data  are  often  available  from  work  performed 
on  adjacent  or  nearby  projects,  these  data  are  usually 
not  readily  accessible  for  use  or  their  existence  is 
unknown. 

The  accumulation  of  laboratory  and  field  test  data 
by  the  Indiana  State  Highway  Commission  for  character- 
izing the  engineering  properties  of  Indiana  soils  is 
extensive.   The  information  is  retained  in  the  form  of 
subsurface  investigation  reports,  prepared  by  or  for  con- 
sulting design  firms  and  governmental  agencies  for  use  in 
routine  soil  investigations.   In  its  present  voluminous 
form,  the  majority  of  these  data  are  not  very  useful. 
The  need  exists  to  make  this  information  more  accessible 
for  the  engineer  interested  in  detailed  information  of  a 
site  and  the  engineer  interested  in  soil  characteristics 
over  a  larger  region. 


In  July  1911 ,    a  proposal  was  submitted  to  develop 
and  test  a  computerized  information  storage  and  retrieval 
system  for  soils  in  Indiana.   The  specific  objectives  of 
the  research  effort  were  to: 

1.  Identify  the  sources  of  individual  soil  sample 
data  and  devise  a  system  for  soils  data  col- 
lection and  codification. 

2.  Develop  computer  information  storage  programs 
which  are  flexible  enough  to  meet  the  data  needs 
of  both  the  Joint  Highway  Research  Project  and 
the  Indiana  State  Highway  Commission. 

3.  Collect  and  store  data  for  approximately  7500 
soil  samples  from  existing  subsurface  investiga- 
tion reports. 

4.  Statistically  correlate  significant  soil  properties 
with  standard  soil  types  and  develop  interrelation- 
ships between  selected  soil  properties. 

To  achieve  these  objectives  the  project  was  divided 
into  two  phases.   In  the  first  phase,  the  input  format 
and  computer  storage  and  retrieval  systems  were  developed, 
and  2508  soil  data  sets  v/ere  placed  in  the  bank.   Gary 
Goldberg  prepared  an  Interim  Report,  JHRP-78-6,  dated 
June  1,  1978,  entitled  "The  Development  of  the  Computerized 
Geotechnical  Data  Bank  for  the  State  of  Indiana"  (35).   As 
a  part  of  this  phase,  a  complete  instructional  user's 
manual  was  prepared.   Limited  statistical  analysis  of 


stored  data  to  January  1978  indicated  that  grouping  of  soils 
by  physiographic  regions  and  parent  material  areas  appeared 
to  be  justified.   The  twelve  parent  material  designations 
used  to  correlate  the  engineering  soil  test  data  were 
identified  relative  to  the  pedological  soil  series  on  an 
appropriate  map.   The  engineering  soils-parent  material 
map  for  Indiana  (62)  was  not  used  because  of  its  very 
small  scale  and  an  inability  to  establish  the  locations 
of  specific  boring  sites  on  it. 

Phase  11  of  the  research  is  the  subject  of  this  report. 
It  involved  the  storage  of  6934  additional  data  sets, 
for  a  total  of  9442  data  sets  as  of  December  1979.   These 
data  sets  were  from  roadway  soil  boring  reports  and  from 
those  boring  reports  for  bridge  and  culvert  sites  that  con- 
tained laboratory  test  data.   The  bridge  and  culvert  site 
boring  reports  were  included  as  an  extension  and  expansion 
of  the  project  scope  in  March  1979.   It  was  intended  as  a 
part  of  this  extension  that  standard  penetration  test  data 
at  bridge  and  culvert  sites  would  also  be  stored.   The 
gathering  of  the  data  for  the  bridge  and  culvert  sites 
extended  until  June  1979.   At  this  time  it  was  discontinued, 
since  the  costs  of  adding  the  standard  penetration  data 
were  deemed  excessive. 

The  purposes  of  Phase  11  of  the  study  were: 
1.   to  complete  the  storage  of  readily  available 
engineering  soil  test  data; 


2.  to  show  how  to  manage  the  data  bank; 

3.  to  evaluate  the  information  stored,  and  develop 
correlations  and  quantitative  values  for  planning 
and  preliminary  design  by  using  statistical 
methods . 

Both  conventional  and  nonparame trie  statistical  methods 
were  employed,  as  discussed  in  Section  3.3.   However,  the 
nonparame trie  statistical  methods  appear  to  fit  and  explain 
the  varieties  of  soil  characteristics  in  a  superior  way. 
This  is  further  explained  in  Section  3. 3.1. a. 

The  data  were  grouped  by  using  physiographic  regions, 
engineering  soil  classifications,  soil  associations,  or  a 
combination  of  them.   One-way  classification,  two-way 
classification,  and  factorial  experiment  layouts  were  used 
to  examine  the  distributions  of  the  data.   Regression 
analysis  was  used  to  investigate  the  functional  relation- 
ships between  design  parameters  and  index  properties.   The 
results  arc  shown  in  Appendices  A-I  through  A-IV.   The  soils 
data  were  extremely  variable  in  their  characteristics, 
therefore  choices  of  suitable  groupings  for  study  were 
the  most  difficult  tasks  in  this  investigation. 

It  is  emphasized  that  the  samples  of  soil  and  topographic 
characteristics  are  not  uniformly  distributed  throughout  a 
physiographic  region.   The  soil  data  distribution  map  (Figure 
3-1)  should  be  consulted  before  attempting  any  interpreta- 
tions of  results. 


CHAPTER  2  PREVIOUS  INVESTIGATIONS 

2 . 1  The  Concept  of  a  Geotechnical  Data  Bank 
Each  year  an  enormous  amount  of  geotechnical  data 
generated  by  field  and  laboratory  measurement  are  accu- 
mulated in  the  files  of  public  agencies  and  private  con- 
sultants throughout  the  United  States  and  abroad.   The 
data  are  contained  in  formal  reports  of  subsurface 
investigations,  and  are  checked  and  verified.   These  data 
are  used  in  different  functions,  such  as  site  selection, 
planning,  design,  construction  and  maintenance  of  new 
facilities,  and  reconstruction.   Once  the  project  is 
completed,  further  use  of  these  data  is  limited  because 
of  their  format. 

In  the  State  of  South  Dakota  it  was  found  (22)  that 
many  expensive  soil  testing  programs  were  being  conducted 
on  new  highway  routes  which  i-^eve    either  close  to  or 
parallel  to  the  old  alignments  on  which  extensive  soil 
testing  had  been  previously  undertaken.   In  1965  the 
South  Dakota  Department  of  Highways,  in  cooperation  with 
the  Soil  Conservation  Service,  began  a  program  to  collect 
the  accumulated  geotechnical  data  from  previous  projects 
(22).   The  data  were  then  stored  in  a  computerized  system 


and  analyzed  by  using  statistical  methods  for  the  purposes 
of  planning,  location  and  preliminary  design. 

Spradling  (109)  developed  a  computerized  data  storage 
and  retrieval  system  for  the  State  of  Kentucky.   The 
Kentucky  Department  of  Transportation  devised  an  extensive 
coding  system  for  data  which  were  collected  but  not  suitable 
for  direct  computer  storage.   Due  to  the  completeness  of 
this  coding  system,  and  its  applicability  to  soil  informa- 
tion in  general,  some  of  its  details  were  adopted  for  the 
Indiana  data  bank  (35). 

Recently,  the  U.S.  Department  of  Transportation  pub- 
lished a  state-of-the-art  report  which  documented  basic 
information  on  automatic  data  processing  techniques  used 
by  eight  states  (Colorado,  Georgia,  Illinois,  Louisiana, 
Minnesota,  Mew  York,  Pennsylvania,  and  West  Virginia)  in 
managing  test  data  for  highway  materials  (24).   Three 
basic  data  processing  techniques,  viz.,  batch  information 
systems,  on-line  interactive  information  systems,  and  on- 
line interactive  laboratory  information  systems,  were  in  use. 

The  Prairie  Farm  Rehabilitation  Administration  (PFRA) 
of  Canada  collected  data  on  the  geotechnical  properties 
of  glacial  till  deposits,  glacial  lake  deposits,  and 
alluvial  deposits  from  many  of  its  previous  projects  in 
western  Canada  (82,  88).   A  number  of  empirical  relation- 
ships between  routine  classification  tests  and  consolidation 


and  strength  characteristics  were  developed,  as  discussed 
in  Section  2.2.  The  correlations  were  generated  primarily 
to  aid  in  evaluating  information  from  new  sites  or  to 
approximate  geotechnical  information  for  preliminary 
inves  tigations . 

Similar  geotechnical  data  storage  and  retrieval  sys- 
tems were  developed  in  the  following  countries:   Sweden 
(58),  Finland  and  Denmark  (58),  France  (53),  Rhodesia 
(41),  Algeria  (87),  and  South  Africa  (116). 

2 . 2   Empirical  Relationships  in  the 
Practice  of  Geotechnical  Engineering 

2.2.1.  Consolidation  Parameters: 
Consolidation  is  defined  as  the  process  of  densifica- 
tion  of  a  soil  under  sustained  loading  caused  by  the  ex- 
pulsion of  water  from  the  pores.   The  laboratory  oedometer 
test  is  used  to  determine  the  consolidation  parameters, 
such  as  compression  index  (C  ),  recompression  index  (C  ) , 
and  preconsolidation  pressure   (p  ).   Schmertmann  (96) 
and  others  (52,  81)  have  recommended  that  initial  void 
ratio  (e  ),  compression  index  (C  ),  recompression  index 
(C  ),  overburden  pressure  (p  ),  and  preconsolidation  pres- 
sure (p  )  be  used  to  construct  the  field  virgin  compres- 
sion curves  and  to  predict  settlements  of  clay  soils  in 


situ.   For  details  of  these  constructions  refer  to 
(52,  81,  96). 

There  were  also  many  attempts  to  predict  the  con- 
solidation parameters  from  easy-to-measure  soil  indices, 
such  as  natural  moisture  content,  liquid  limit,  and  initial 
void  ratio.   A  survey  of  these  attempts  is  presented  in  the 
following  sections. 

2.2.1.  a   Compression  Index  (C  ).   The  compression 

index  (C  )  has  often  been  correlated  with  either  the  liquid 

limit  (w^ ) ,  the  natural  moisture  content  (w  ),  initial  void 
L'  '  ^  n"^  ' 

ratio  (e  ),  or  a  combination  of  these.   Table  2-1  shows 
a  summary  of  available  regression  equations,  together  with 
their  region  of  applicability,  for  the  prediction  of  C  . 
Wroth  and  Wood  (123)  proposed  from  experience  that 

w  +  A  In  c   =  constant 

u 

where  w  is  moisture  content,  A  is  a  constant,  and  c   is 

'  '       u 

the  undrained  shear  strength.   Also,  from  phase  relations, 
V=l+e=l+Gw  for  saturated  soils,  where  V  is  the 
specific  volume,  i.e.,  volume  of  total  mass/volume  of 
solids,  e  is  the  void  ratio,  G  is  the  specific  gravity. 
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and  w  is  the  moisture  content  expressed  as  a  ratio  for 

saturated  soils.   Adding  the  critical  state  relationships 

of  Roscoe  et  al  (91),  and  the  assumption  that  the  undrained 

shear  strength  at  the  plastic  limit  is  100  times  that  at 

the  liquid  limit,  Skempton  and  Northey  (104),  Wroth  and 

Wood  went  through  a  series  of  rational  procedures  and 

derived  the  following  relationship  between  compression 

index  (C  ),  plasticity  index  (1  ),  and  specific  gravity 
c  p 

(G)  for  remolded  soils 


For  G  =  2.7, 


C   =  i  I   G 
c    2   p 


C   =  1.35  1 
c         p 


The  design  charts  developed  by  the  Canadian  Prairie 
P'arm  Rehabilitation  Administration  (PFRA)  also  demon- 
strated the  relationships  of  the  compression  index  (C  ) 
versus  natural  moisture  content  (w  ),  liquid  limit  (w, ) , 

n  Li 

and  natural  dry  density  (Pj)  for  the  soils  in  western 
Canada  (82,  88). 

2.2.1.  b   Compression  Ratio  (C).   The  compression 
ratio  (C')  is  defined  as  C  /(I  +  e  ).   By  examining   this 
expression  and  Table  2.1  it  can  be  concluded  that:   (1) 
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there  is  a  correlation  between  compression  index  (C    )    and 

•  c 

compression  ratio  (C')  and;  (2)  compression  ratio  is 

correlated  with  liquid  limit,  moisture  content,  initial 

void  ratio,  or  a  combination  of  these. 

Rutledge  (93)  and  Fadum  (29)  showed  that  as  the 

natural  moisture  content  increases,  the  compression  ratio 

increases  linearly  for  normally  consolidated  clays.   Table 

2-2  gives  a  summary  of  available  regression  equations, 

together  with  their  geographic  region  of  applicability, 

for  the  prediction  of  C'. 
^  r 

2.2.1.  c   Preconsolidation  Pressure  (p  ).   By  defini- 
tion, the  preconsolidation  pressure  (p  )  is  the  greatest 
effective  pressure  the  soil  has  carried  in  the  past.   Pre- 
consolidation may  be  caused  by  a  variety  of  factors  (52) 
including : 

(1)  Removal  of  overburden 

(2)  Fluctuations  in  the  groundwater  table 

(3)  Cold-welding  of  mineral  points  between  particles 

(4)  Exchange  of  cations 

(5)  Precipitation  of  cementing  agents 

(6)  Geocheraical  processes  caused  by  weathering 

(7)  Delayed  compression 

(8)  Tectonic  forces  due  to  movements  in  the  earth's 
crus  t . 
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Kogure  and  Ohira  (49)  proposed  the  following  relation- 
ships : 

-0  913 
p  =  43.9  w    ■    ;(R  =  correlation  coefficient 
'^c         n       '^ 

=  0.821) 
and 

_Q  QQQ 

p   =  1.65  e    '    ;(R  =  correlation  coefficeint 

=  -0.810) 

where  w   is  the  natural  moisture  content,  and  e   the 
n  '      o 

initial  void  ratio  for  peat  soil  and  underlying  clays  of 
the  Ishikari  area  of  Hokkaido,  Japan. 

The  Canadian  PFRA  (82,88)  described  a  relationship 
between  liquidity  index  (LI)  and  Log  p  ,  where  as  LI 
increases,  Log  p   decreases  linearly  for  the  soils  in 
western  Canada.   An  examination  of  this  relationship 
shows  that  the  data  pattern  appears  scattered;  the  stan- 
dard error  of  estimate  is  accordingly  large.   The  U.S. 
Navy  (118)  proposed  a  similar  relationship  between  LI 
and  Log  p  ,  with  consideration  of  the  dependence  of 
preconsol ida tion  pressure  on  the  soil  sensitivity. 
Bjerrum  (11)  developed  a  relationship  between  the  (pre- 
consolida tion  pressure/overburden  pressure)  ratio  and 
plastic  index  for  late  glacial  and  post  glacial  clays. 
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2.2.2.  Compaction  Parameters 

Compaction  is  defined  as  the  densif ication  of  a  soil 
by  means  of  mechanical  manipulation  at  constant  water  con- 
tent, and  is  measured  quantitatively  in  terms  of  dry 
density  of  the  soil. 

Proctor  (84)  demonstrated  that  there  is  a  definite 
relationship  between  density  and  moisture  content.   The 
characteristic  peak  in  the  Proctor  curve  is  known  as  the 
maximum  dry  density  and  its  corresponding  moisture  content 
as  optimum  moisture  content  (OMC)  .   Compaction  specifica- 
tions are  written  in  terms  of  percentage  compaction,  a 
common  requirement  being  95%  to  100%.   Percentage  com- 
paction is  based  on  the  ratio  of  the  field  density  to  the 
maximum  dry  density  obtained  with  a  specified  compaction 
effort,  such  as  the  standard  AASHTO  or  modified  AASHTO 
test,  in  the  laboratory.   Thus,  the  maximum  dry  density  is 
often  regarded  as  the  total  objective  of  the  compaction 
operation . 

2.2.2.  a   Optimum  Moisture  Content  (OiMC)  and  Maximum 

Dry  Density  (p,     ).   The  plasticity  characteristics  of  a 

•^ ^    d  max        ^  ■' 

cohesive  soil  reflect  its  ability  to  hold  water.   The  less 
tightly  absorbed  or  highly  oriented  the  water,  the  greater 
the  freedom  of  movement  for  solids  in  the  compaction 
process  (50).   Therefore,  as  the  liquid  limit,  or  plastic 
limit,  or  plastic  index  increases,  OMC  increases  and 


In 
O 


Pj     decreases.   Furthermore,  as  the  optimum  moisture 
d  max  '         ^ 

content  increases,  the  maximum  dry  density  decreases. 

These  relationships  were  investigated  and  verified  by 

Woods  and  Litehiser  (122),  the  U.S.  Navy  (118),  Narayama 

Murty  (69),  and  PFRA  (82,  88)  for  a  variety  of  soils. 

Table  2-3  shows  a  summary  of  regression  equations,  together 

with  their  geographical  regions  of  applicability,  for  the 

prediction  of  OMC  and  p, 

^  ^d  max 

2.2.2.  b   California  Bearing  Ratio  (CBR) .   The  CBR  test 
is  used  to  provide  a  low  deformation  measure  of  strength  of 
compacted  subgrade  soil  and  is  used  with  empirical  curves 
to  design  asphalt  pavement  structures.   In  the  literature, 
CBR  values  have  been  predicted  by  means  of  index  properties, 
strength  characteristics,  and  soil  classification  units. 

( 1 )  Evaluation  of  CBR  values  in  terms  of  index  prop- 
erties .   A  relationship  between  the  CBR  and  the  group 
index  (GI)  was  suggested  by  the  Asphalt  Institute  (4),  and 
later  by  Gawith  and  Perrin  (31).   Both  CBR  values  were 
measured  at  90%  modified  AASHTO  maximum  dry  density.   As 
the  group  index  increases,  the  CBR  decreases.   Gawith   and 
Perrin  (31)  also  suggested  the  following  equations  for  the 
prediction  of  the  CBR  values  for  Australian  soils: 

Log  CBR  =  1.886  -  0.0143D  -  0.00045A  +  0.00515  | 

-  0.0000456  (|)^  -  0.0037E 
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where  A  is  the  percentage  passing  the  No.  36  B.S.  (British 
Standard)  sieve,  B  is  the  percentage  passing  the  No.  200 
B.S.  sieve,  D  the  plasticity  index  and  E  the  percentage 
passing  the  No.  7  B.S.  sieve, 
and 

CBR  =  4.5  .   ^^Q  ;^^^^)^ 

where  GI  is  the  group  index. 

Stephenson,  Karrah  and  Koplon  (110)  proposed  the  fol- 
lowing equation  to  evaluate  the  CBR  values  for  Alabama 
soils : 

Log  CBR  =  2.334984  -  0.002425x^  -  0.006920x2 
where  x^  =  %4  +  %10  +  %40  +  %  60  +  %200 

(%  of  total  sample  passing  each  sieve  size  as  indicated), 
and  x^  =  %  clay 

(%  of  No.  10  fraction  as  determined  by  elutriation  test). 
Kassiff,  et  al  (48)  found  that  the  CBR  values  increase 

with  decrease  in  the  difference  between  w  and  SL,  and  vi/ith 

P 

increase  in  surcharge  for  Israel  soils. 

(2)  Evaluation  of  CBR  values  in  terms  of  strength 
characteris  tics .   Robinson  and  Lewis  (90)  showed  that  a 
relationship  existed  between  the  CBR  value  and  failure 
load  P  (in  lb.)  of  a  3-inch  square  plate  pushed  into  the 
ground.   They  proposed  that: 

Log  CBR  =  0.76837  log  P  -  1.6442 
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Wiseman  and  Zeitlen  (121)  showed  that: 

CBR  =  mc 
where    c  is  the  vane  shear  strength, 

m  is  a  factor  equal  to  0.127  E/c 
and  E  the  modulus  of  elasticity  of  the  soil. 
The  expression  was  taken  from  elastic  theory,  where  the 
settlement  of  the  CBR  piston  was  calculated  using  a 
Poisson's  ratio  of  0.5.   With  the  data  from  in-situ  tests 
under  existing  pavements  in  Israel  they  suggested  the  fol- 
lowing relationship: 

CBR  =  4.2c  -  0.2 

where  CBR  is  expressed  in  percent,  and  the  strength,  c,  in 

2 
kg/cm  ,  IS  measured  from  the  vane  test. 

A  rational  approach,  known  as  the  suction  method  was 
proposed  by  Black  (12),  to  estimate  CBR  values  from  plas- 
ticity and  consistency  indices.   Consistency  index  (CI)  = 

(w,  -  w  )/I   where  w^  is  the  liquid  limit,  w  moisture 
L    n'   p        L  ^         '   n 

content,  and  I   plasticity  index.   This  estimation  was 
based  on  the  assumption  that  at  0.1  inch  penetration  the 
soil  is  close  to  failure,  and  that  the  CBR  is  equal  to 
sNq/10,  where  s  is  suction  and  Nq  the  Terzaghi's  bearing 
capacity  factor  using  an  effective  friction  angle.   From  a 
knowledge  of  correlations  between  plasticity  characteris- 
tics, suction,  and  effective  angle  of  friction  for  sat- 
urated British  clays,  which  follow  the  relationship 
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I   =  0.83  w  -  14.2,  and  through  a  process  of  interpolation 
P         ^ 

and  extrapolation  Black  developed  expressions  for  the  CBR. 
An  experimental  relationship  between  unsaturated  and  sat- 
urated CBR  values  was  also  developed.   Recently  Black  (13) 
assumed  that  CBR  =  c  /23,  where  c   is  the  undrained  shear 
strength  in  kPa ,  and  used  a  similar  approach  to  attain  the 
relationships  between  c  ,  CBR,  and  plasticity  index. 

Livneh  et  al  (55)  and  Greenstein  et  al  (37)  used  a 
similar  approach  to  predict  CBR  values  using  index  char- 
acteristics for  expansive  clays  and  dune  sands. 

(3)  Evaluation  of  CBR  by  Soil  Classifications.   The 
four  principal  variables  affecting  compacted  CBR  are  soil 
density,  moisture  content,  compaction  effort  and  the 
texture  and  grading  of  the  soil  (1).   The  AASHTO  and  Uni- 
fied soil  classification  systems  are  based  on  the  textural 
characteristics  and  the  plasticity  characteristics  of  soil. 
Accordingly  these  two  engineering  soil  classification 
systems  have  been  widely  used  for  the  prediction  of  CBR 
values. 

The  U.S.  Navy  (118)  correlated  the  values  of  typical 
characteristics,  such  as  maximum  dry  density,  optimum 
moisture  content,  and  CBR  of  compacted  materials  against 
the  Unified  soil  classification  system.   The  American 
Hoist  and  Derrick  Company  (1)  used  the  AASHTO  classifica- 
tion system,  along  with  qualitative  descriptions  of  soil 
characteristics,  to  approximate  CBR  values. 


2.4 


Casagrande  (17)  suggested  the  interrelationship  of 
the  Unified  system,  Public  Roads  system  (which  later  became 
AASHO  and  AASHTO  systems),  and  CBR  values.   Similar  inter- 
relationships were  also  given  by  the  Asphalt  Institute  (5) 
and  the  Portland  Cement  Association  (83) .   Having  summarized 
all  these  interrelationships  and  made  a  comparison  of 
groups  in  the  AASHTO  and  Unified  soil  classification 
system,  Liu  (54)  proposed  the  approximate  relative  relation- 
ships of  various  groups  of  both  systems  to  an  empirical 
measure  of  the  CBR  values  shown  in  Figure  2-1. 

In  Israel  the  AASHTO  soil  classification  affords  the 
best  prediction  for  CBR  values.   The  Canadians  have  also 
adopted  the  AASHTO  soil  classification,  as  quoted  by 
Sharma  (99),  and  used  group  index  as  well  in  the  final 
correlation  for  predicting  CBR  values. 

2.2.3.  Strength  Parameters 
Shear  strength  is  usually  assumed  to  be  made  up  of: 
(i)  a  frictional  component  which  increases  linearly 
with  the  normal  stress  on  the  failure  plane,  and 
(ii)  a  cohesive  component  which  is  constant. 
The  Mohr-Coulomb  equation  is  ordinarily  used  to 
describe  the  strength  and  is  merely  the  equation  of  a 
straight  line: 

T^^  =  c  +  Orr:    tan  <]) 
where  x^^  is  shear  strength  or  shear  stress  on  the  failure 
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plane  at  failure,  c  the  cohesion  or  strength  intercept, 
i^nr   normal  stress  on  the  failure  plane  at  failure,  and  ^ 
the  strength  angle.   The  equation  is  most  rigorously 
written  in  terms  of  effective  stress  ((!>',  c',  a'): 

ir^   =  c '  +  air   tan  4)'  . 
This  relationship  between  shear  strength  and  effective 
stress,  first  suggested  by  Terzaghi,  is  found  to  be  valid 
for  most  engineering  applications. 

The  three  most  common  types  of  tests  to  determine  the 
shear  strength  of  soils  are  the  direct  shear  test,  the 
triaxial  test,  and  the  unconfined  compression  test.   The 
unconfined  compression  test  is  actually  a  special  case  of 
the  undrained  triaxial  test  in  which  the  confining  pressure 
is  zero. 

2.2.3.  a   Unconfined  Compressive  Strength  (q  ).   The 
Road  Research  Laboratory  (89)  described  a  curvilinear 
relationship  between  unconfined  compressive  strength  (q  ) 
and  moisture  content  (w  )  for  a  heavy  clay  in  situ.   This 
relationship  was  characterized  by  a  large  increase  in 
unconfined  compressive  strength  with  decreasing  moisture 
content  below  30  percent. 

Sherif  and  Burrous  (100)  investigated  the  effect 
of  temperature  on  unconfined  compressive  strength  of 
kaolinite.   It  was  assumed  that  a  change  in  temperature 
would  cause  a  change  in  void  ratio  or  a  change  in  effective 
stress  (or  a  combination  of  both)  for  a  saturated  compacted 
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clay.   Thus,  a  change  in  temperature  could  cause  a  change 
in  strength.   Their  test  results  showed  that:   (1)  as  the 
moisture  content  increases,  the  unconfined  compressive 
strength  decreases,  and  (2)  at  a  given  moisture  content 
as  the  temperature  increases,  the  unconfined  compressive 
strength  decreases.   The  temperature  effects  on  the  un- 
drained  strength  for  compacted  soils  were  further  investi- 
gated and  verified  by  Highter  (39). 

Sahasi  (94)  studied  the  correlation  of  unconfined 
compressive  strength  of  soil  with  size  of  the  test  specimen 
The  Black  Cotton  soil  (CH)  at  PUNE  in  India  was  used  as  the 
test  material.   His  conclusions  include  the  following: 

(1)  there  exists  a  unique  relationship  between  the  un- 
confined compressive  strength  and  the  moisture  content, 

(2)  the  relation  between  unconfined  compressive  strength, 

2 
q   in  kg/cm  ,  moisture  content,  w   m  percentage,  and 

specimen  diameter,  D  in  cm.,  may  be  expressed  empirically 

as 

Log  q^  =  0.52  (0.502  "  w^  -  0.163  log  D) 

In  his  study  on  compacted  clay  of  St.  Croix,  Indiana, 

Weitzel  (120)  found  that  at  zero  confining  pressure  the 

model  for  strength  prediction  dry-of-optimum  is: 


q^  =  -1784.8  +  3.1  p^v^^/w 

/v   •  •  •  2 

where   q   is  the  estimated  compressive  strength,  kN/m  , 
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3 

p,  IS  the  dry  density,  kg/m  , 

S-  is  the  initial  degree  of  saturation,  %, 
and    w  is  the  water  content,  %. 
The  model  for  strength  prediction  wet-of-optimum  is: 

log  (Q^)  =  1.70/e. 
where   e-  is  the  initial  void  ratio. 

Peters  and  Lamb  (82)  presented  an  empirical  relation- 
ship between  liquidity  index  (LI)  and  unconfined  compres- 
sive strength  (q  )  for  the  soils  in  western  Canada.   They 
showed  that  as  the  liquidity  index  decreases,  the  uncon- 
fined compressive  strength  increases. 

Peck  et  al  (80)  suggested  a  relationship  between  the 
qualitative  terms  describing  consistency,  along  with  field 
identification  of  clays,  and  the  quantitative  values  of  the 
unconfined  compressive  strength.   The  National  Research 
Council  of  Canada  (74)  also  suggested  a  similar  relation- 
ship for  the  rough  estimate  of  the  undrained  shear  strength 
(half  of  the  unconfined  compressive  strength)  for  clay 
soils . 

The  unconfined  compressive  strength  (q  )  has  been 
correlated  with  the  standard  penetration  test  (SPT) ,  i.e., 
the  number  of  blows  (N-values)  for  one  foot  penetration. 
Some  of  these  relationships  are  presented  as  follows.   In 
his  study  on  Tokyo  subsoils,  Ohsaki  (77)  found  that  the 
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relationship  between  q   of  clayey  samples  and  their  N- 
values  was: 

q^Ckg/cm^)  =  0.4  +  ^ 
However,  an  examination  of  the  data  shows  much  scatter. 
This  expression,  therefore,  is  qualitative  rather  than 
quantitative. 

The  U.S.  Navy  (118)  recommended  that  for  clayey  silts, 
CL  clays,  or  varved  clays  and  silts, 

q  (Tsf)  =  0.15N,  and  for  CH  clays 

q  (Tsf)  =  0.20N 
Terzaghi  and  Peck  (113)  also  suggested  relations  among 
consistency  of  clay  described  in  qualitative  terms,  N- 
values,  and  unconfined  compressive  strength.   Sanglerat 
(95)  recommended  the  following  expressions: 

for  clay,  q^  (Tsf)  =  ^ 

for  silty  clay,  q   (Tsf)  =  5 
and  for  silty,  sandy  soil,  q   (Tsf)  =  i^ — r 

2.2.3.  b   Undrained  Shear  Strength  (c  ).   The  un- 
drained  shear  strength  (c  )  under  (})  =  0  conditions  is,  in 

terms  of  unconfined  compressive  strength  (q  ), 

1 
c   =  -n-  q 
u   2  ^u 

The  undrained  shear  strength  is  also  determined,  in  situ, 
by  means  of  the  vane  shear  test  and  other  less  common 
procedures. 

Due  to  the  fact  that  the  undrained  shear  strength  (c  ) 
of  normally  consolidated  clay  soils  is  almost  directly 
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proportional  to  the  effective  overburden  pressure  (p  ), 
Skempton  (105)  suggested  the  following  empirical  relation- 
ship between  the  plastic  index  and  the  ratio  c  /p  : 
f  ^  u  ^o 

c  /p„  =  0.11  +  0.0037  I 
u  '^o  p 

For  saturated  sand  Bishop  and  Eldin  (9)  found  that  as 
the  initial  porosity  (n)  increases,  the  ratio  c  /p  de- 
creases.  And  for  a  given  initial  porosity  the  higher  the 
effective  overburden  pressure,  the  lower  the  ratio  c  /p  . 

Bjerrum  and  Simons  (10)  stated  that  the  well-known 

Skempton-Bjerrum  correlation  of  increasing  ratio  c  /p 

with  increasing  plastic  index  applied  only  to  normally 

consolidated  marine  clays  of  Norway.   They  also  defined 

c  /p   as  a  function  of  the  liquidity  index  (LI)  for  some 

Norwegian  clays,  to  illustrate  the  existence  of  an  unstable 

structure  for  quick  clays  with  ratio  c  /p   less  than  0.15. 
^        ■'  u  '^o 

The  U.S.  Navy  (118)  suggested  correlations  of  the 

unconfined  undrained  shear  strength  (or  cohesion  intercept 

in  saturated  state)  with  Unified  classification.   Of  course, 

the  unconfined  undrained  shear  strength  (c  )  is  zero  for 

o    ^  u 

granular  soils  and  is  as  high  as  420  to  460  psf  for  silty 
clay  or  clayey  silt  soils. 

In  their  study  of  the  geotechnical  characteristics  of 
till  deposits  of  the  Quaternary  Period  in  the  Edmonton 
area,  Alberta,  Canada,  May  and  Thomson  (61)  found  a 
distinct  trend  for  higher  undrained  shear  strengths  with 
lower  moisture  contents. 
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Using  the  assumption  that  the  mean  value  of  undrained 

2 
shear  strength  is  about  1.70  kN/m   (from  the  results  of 

Youssef  et  al  (124))  for  a  variety  of  remolded  Egyptian 
soils ,  Wroth  and  Wood  (123)  developed  the  following  rela- 
tionship 

c^  =  170  EXP  (-4.6  LI)  kN/m^ 

2.2.3.  c   Standard  Penetration  Resistance  (N)  and 
Strength  Angle  ( (|) ' )  (1)  Standard  Penetration  Resistance 
(N-value) .   The  standard  penetration  resistance  (N-value) 
varies  with  the  relative  density  or  relative  consistency 
of  soils,  and  is  usually  evaluated  in  terms  of  effective 
overburden  pressure  (p  )  and  relative  dry  density  (D  )  for 
cohesionless  cases.   Sanglerat  (95)  has  documented  many 
equations  and  charts  from  all  over  the  world.   One  such 
equation  was  established  by  Bazaraa  (7)  in  the  form, 

N  =  20  D^^  (1  +  2P^)  for  p^  <  1.5  kips/ft^, 
and    N  =  20  D^^  (3.25  +  0.5  P^)  for  p   >  1.5  kips/ft^. 

The  U.S.  Navy  (118)  developed  a  correlation  between 
N  and  relative  dry  density  (D)  which  included  the  effective 
overburden  pressure  (P  ).   Peck  et  al  (80)  related  N  and 
the  relative  density  in  qualitative  terms  for  sands. 

(2)  Strength  angle  (<i?)  .   Ohsaki  (77)  suggested  the 
following  relationship  between  cf) '  and  N  for  the  sandy 
subsoils  of  Tokyo 

*'  =  v'lO  li   +  15. 
However,  an  examination  of  the  plot  of  cj) '  versus  N  shows 
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that  the  data  is  scattered.   For  sand,  Caquot  and  Kerisel 
(15)  found  a  relationship 

tan  ({)•  =1 
where  e  is  void  ratio,  and  A  a  constant  assumed  to  be  0.55. 
Later  (16),  they  proposed  that  under  an  overburden  pres- 
sure of  1  bar  (~  1  ton/sq.  ft.): 
for  silts:   A  =  0.4 
and  for  sands:   0.45  <  A  <  0.55. 
Meyerhof  (65)  proposed  that  the  relationship  between  (\>'    and 

D   be  expressed  as 
r      ^ 

(})'  =  25  +  0.15  D^, 
for  granular  soil  containing  more  than  5%  fine  sand  and 
silt,  and 

*'  =  30  +  0.15  D^ 
for  granular  soil  containing  less  than  5%  fine  sand  and 
silt.   D   is  relative  dry  density  expressed  as  a  percentage 

Bjerrum  and  Simons  (10)  presented  the  relationship 
between  strength  angle  and  plastic  index  for  different 
clays.   However,  Terzaghi  and  Peck  (113)  questioned  the 
general  validity  of  this  relationship,  citing  test  data 
from  Mexico  City  soils.   Also,  in  their  study  of  the 
strength  characteristics  of  Kuttanad  clays  in  India, 
Narain  and  Ramanathan  (72)  found  that  there  was  no 
definite  correlation  between  strength  angle  and  plastic 
index.   However,  the  Canadian  PFRA  (82,  88)  found  that 
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as  the  liquid  limit  increased, the  strength  angle  decreased 
for  undisturbed  clays  in  western  Canada. 

2.3.  Discussion 
Review  of  the  large  number  of  empirical  relationships 
documented  in  the  geotechnical  engineering  literature 
leads  to  two  principal   conclusions: 

(1)  The  values  of  soil  parameters  are  expressed  as 
means . 

(2)  The  functional  relationships  among  soil  charac- 
teristics are  established  with  data  from  a  certain 
region  or  pooled  data  from  several  regions.   The 
regional  effects  on  relationships  are  not  commonly 
investigated  or  compared. 

Jenny  (45)  gave  a  generalized  equation  form  of  soil- 
forming  factors  as: 

s  =  f (cl ,  o,  r,  p,  t....) 
where  s  is  soil,  cl  climate,  o  organisms,  r  topography,  p 
parent  material,  and  t  time.   These  factors  have  imposed 
a  random  pattern  of  variation  onto  an  overall  trend  of  soil 
formation.   The  resulting  soil  characteristics  can  be 
regarded  as  being  controlled  by  a  random  process.   The 
random  process  of  soil  formation  explains  the  great  varia- 
tion often  encountered  for  a  given  soil  parameter.   There- 
fore, it  seems  more  reasonable  to  define  and  use  the 
median,  rather  than  mean,  for  soil  parameter  values. 
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The  regional  effects  on  functional  relationships 
among  soil  characteristics  should  be  investigated  by  using 
the  techniques  of  qualitative  variables  as  regressors 
associated  with  analysis  of  variance.   The  details  of  these 
procedures  are  discussed  and  illustrated  in  Section  3. 3. 2. a. 
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CHAPTER  3.  THE  DEVELOPMENT  OF  THE  GEOTECHNICAL 
DATA  BANK  FOR  THE  STATE  OF  INDIANA 

3.1.  General 

Goldberg  (35)  initiated  the  development  of  the  Indiana 
geotechnical  data  bank.   A  total  of  2508  data  sets  were 
collected  and  subjected  to  statistical  analyses  in  an 
initial  research  phase.   An  additional  6934  data  sets  were 
added  to  the  bank  in  the  subsequent  year  and  subjected  to 
more  detailed  statistical  analyses.   As  of  January  1980, 
the  Indiana  geotechnical  data  bank  contained  9442  data  sets, 
The  distribution  of  data  sets  throughout  the  State  is  shown 
in  Figure  3 -1 . 

In  the  following,  the  source  of  data,  structure  of 
data,  and  methods  leading  to  the  building  of  mathematical 
models  are  discussed.   Results  are  given  in  Appendix  A. 

3.2.  Source  and  Structure  of  Data 


Both  geotechnical  and  pedological  soils  information 
was  collected.   The  geotechnical  information  was  taken  from 
the  subsurface  investigation  reports  of  various  geotechnical 
projects  previously  conducted  in  the  State  of  Indiana,  and 
the  pedological  soils  information  was  from  recent  agri- 
culture Soil  Survey  Manuals  (105)  and  General  Soil  Maps 
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(32).   For  details  refer  to  Goldberg   (35). 

The  Data  Input  Form  (DIF)  of  Figure  3-2  was  developed 
to  record  the  information.   Not  all  items  were  available 
for  all  samples,  but  the  listing  included  the  following: 

1.  Project  identification, 

a.  project  number 

b.  contract  number 

c.  road  number 

d.  data  collection  agency 

2.  Sample  location, 

a.  county 

b.  highway  district 

c.  township 

d.  range 

e.  section 

f.  line  number 

g.  station  number 

h.   offset  and  the  left  or  right  direction  from 
the  center  line, 

3.  Sample  identification, 

a.  boring  number 

b.  laboratory  number 

c.  sampling  procedure 

4.  Date  the  sample  taken  from  the  hole, 

5.  Physiographic  region, 
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6.  Parent  material  from  which  the  soil  has  been 
derived , 

7.  Ground  surface  elevation, 

8.  Depth  from  which  the  sample  has  been  removed, 

9.  Depth  to  the  bedrock, 

10.  Depth  to  groundwater, 

11.  Standard  penetration  resistance  (SPT), 

12.  Pedological  soils  information, 

a.  soil  association  name 

b.  soil  series  name 

c.  horizon 

d.  slope  (topographic)  class 

e .  eros  ion  class 

f.  natural  soil  drainage  class 

g.  generalized  permeability 

h.   generalized  flooding  potential 
i.   generalized  frost  heave  susceptibility 
j.   generalized  shrink  -  swell  potential 
k,   generalized  pH 

13.  Gradational  characteristics  based  on  standard 
sieve  sizes  and  hydrometer  analysis, 

14.  Atterberg  limits, 

15.  Visual  textual  classifications, 

16.  Color  based  on  moist  conditions, 

17.  Organic  content  (loss  on  ignition), 
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18.  In-situ  moisture  content, 

19.  In-situ  dry  and  wet  densities, 

20.  Specific  gravity, 

21.  Compaction  test  results, 

22.  California  bearing  ratio  (CBR), 

23.  Unconfined  compressive  strength  and  failure 
strain, 

24.  Strength  data  from  triaxial  and  direct  shear 
tests  , 

25.  Consolidation  test  results. 

Details  of  these  listing  and  their  corresponding 
coding  systems  are  described  in  Goldberg  (35).   Computer 
programs  to  utilize  the  information  from  (13)  to  (16)  to 
classify  the  samples  by  the  AASHTO  and  Unified  soil  clas- 
sification systems,  to  detect  certain  input  errors,  and  to 
correlate  a  soil  association  with  its  most  probable  cor- 
responding parent  material  are  listed  in  Appendix  B-II. 

Those  programs  shown  in  Appendix  B-Il  were  written  in 
the  SPSS  (Statistical  Package  for  the  Social  Sciences) 
language  available  in  the  PUCC  (Purdue  University  Com- 
puting Center)  for  CDC  6500  and  6600  systems.   The  SPSS 
language,  like  any  other  recent  statistical  language,  is 
a  "conversational"  statistical  analysis  software.   It  also 
has  features  of  data  manipulation,  data  transformation, 
file  definition,  and  file  creation.   For  details  refer  to 
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Nie  et  al  (75).   This  study  has  relied  heavily  upon  this 
language.   However,  any  computer  language  is  merely  an 
access  to  an  optimum  use  of  the  computer  hardware.   There- 
fore, the  logical  sequences  of  a  program  are  more  important 
than  the  program  itself.   The  logic  of  these  programs,  as 
listed  in  Appendix  B-II ,  should  be  regarded  as  the  guideline 
for  the  ready  conversion  to  any  other  computer  language. 
And  the  methods  of  analyses  as  described  in  the  following 
are  designed  and  v/ritten  for  adaptation  to  any  language. 

3.3.  Methods  of  Analysis 
Two  types  of  prediction  equations  were  used  in  this 
work:   (1)  median  models,  and  (2)  regression  models. 

3. 3.1. a.  Median  Model 
To  numerically  define  the  variability  of  selected  soil 
characteristics,  the  frequency  distributions  of  these 
characteristics  are  examined  and  described.   One  way  to 
describe  the  sample  distribution  is  to  use  the  conventional 
constant  mean  model  (33),  which  is  based  upon  the  assump- 
tion of  normality  of  the  population  distribution.   This 
model  is  characterized  by  the  mean  and  the  standard 
deviation  of  the  sample  distribution.   It  is  shown  (51) 
that  in  most  cases  this  model  is  also  effective  for 
moderately  anormal  distributions  of  a  large  sample.   In 
the  case  of  small  samples ,  however,  this  model  may  not  give 
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accurate  approximations.   The  non-parametric  or  distribu- 
tion-free methods  are  the  preferred  techniques  of  inference 
for  non-normal  population  (Snedecor  and  Cochran  (106). 
These  methods  make  a  minimum  of  assumptions  regarding  the 
sample  distribution  and  are  generally  appropriate  for  any 
form  of  the  distribution.   They  are  of  high  efficiency, 
relative  to  classical  techniques,  under  the  assumption  of 
normality,  and  often  of  higher  efficiency  in  other  situa- 
tions (51).   For  further  details  refer  to  Hollander  et  al 
(42)  and  Snedecor  (106).   In  this  study  the  samples  dis- 
tributions were  sometimes  normal,  but  frequently  they  were 
skewed  or  bimodal.   The  median  model  was  used  to  character- 
ize the  sample  distribution. 

To  estimate  the  median  from  a  sample  the  observations 
are  arranged  in  increasing  order.   When  the  sample  values 
are  arranged  in  this  way,  they  are  often  called  the  1st, 
2nd,  3rd,... order  statistics.   In  general,  if  n  is  odd, 
the  median  is  the  order  statistic  whose  number  is  — ^ — . 
With  n  even,  the  median  is  defined  as  the  average  of  the 

_i_   O 

order  statistics  whose  numbers  are  -y  and  .   Like  the 

mean,  the  median  is  a  measure  of  the  middle  of  a  distribu- 
tion.  If  the  distribution  is  symmetrical  about  its  mean, 
the  mean  and  the  median  coincide.   With  highly  skewed 
distributions  the  median  is  preferred,  since  it  seems  to 
better  represent  the  concept  of  an  average  than  the  mean. 
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The  calculations  of  the  median  and  other  non-para- 
metric estimates  from  a  large  sample  are  illustrated  in  the 
following  example  with  the  data  from  the  current  Indiana 
geotechnical  data  bank.   The  example  is  for  43  observations 
of  shrinkage  limits  for  the  soil  association  Berks-Gilpin- 
Weikert  with  the  depth  less  than  5  feet.   The  observations 
are  arranged  in  an  increasing  order  and  the  proper 
intervals  for  the  distribution  are  determined.   The  results 
are  shown  in  Table  3-1.  with  the  data  from  Indiana  Geo- 
technical Data  Bank. 
Table  3-1.   Distribution  of  Shrinkage  Limits  for  the  Soil 

Association  Berks-Gilpin-Weikert  with  the  Depth 
Less  than  5  Feet 


Shrinkage  Limit  12.00-  15.00-  18.00-  21.00-  24.00-  27.00-  30.00- 
(in  %)       15.00  18.00  21.00  24.00  27.00  30.00  33.00 


Frequency 


Cumulative 
Frequency 


13    19    24    33   40    43 


There  are  two  modes  in  the  distribution.   The  first 
mode  is  in  the  class  from  12.00  to  15.00,  and  the  second 
mode  in  the  class  from  24.00  to  27.00.   This  bimodal  feature 
emphasizes  the  non-normality  of  the  distribution. 
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Since  the  number  of  observation  (n)  is  equal  to  43, 
the  sample  median  is  the  order  statistic  that  is  22nd  in 
the  array.   It  is  clear  that  the  median  is  in  the  class  of 
21.00  -  24.00.   The  median  is  found  by  interpolation  with 
the  assumption  of  uniform  distribution  of  observations  in 
this  class.   The  general  equation  is  (106) 

'.50=='L^^  (3.1) 

where  x-.    =   value  of  x  at  lower  limit  of  the  class  containing 

the  median  (21.00  in  this  case), 

g  =  order  statistic  number  of  the  median  minus 
cumulative  frequency  up  to  the  upper  limit 
of  previous  class  (22  -  19  =  3), 
I  =  class  interval  (3%), 

f  =  frequency  in  class  containing  the  median  (5). 
This  gives 

t_50  =  median  =  21.00  +  (22.00  -  19.00)  (3) 

=  22.80% 
There  is  a  simple  method  of  calculating  confidence 
intervals  for  the  population  median  that  is  valid  for  any 
continuous  distribution.   Two  of  the  order  statistics  serve 
as  the  upper  and  lower  confidence  interval  limits.   These 
are  the  order  statistics  whose  numbers  are,  approximatelv 
(67) 

2   -  T^  '  (3.2) 
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where  z  is  the  normal  deviate  corresponding  to  the  desired 
confidence  probability.   Consider  a  95%  confidence  proba- 
bility,  z  ~  2.   In  this  example,  these  numbers  are  ■   a — =- 
+^   — J—  =  15  and  28.   The  95%  confidence  intervals  of  the 
median  are  the  shrinkage  limits  corresponding  to  the  15th 
and  28th  order  statistics.   The  actual  shrinkage  limits  are 
found  by  adapting  equation  3.1  for  the  median. 

For  the  15th,  shrinkage  limit  =  18  +  (15  -  13)  (3)/5 

=  19.20% 

For  the  28th,  shrinkage  limit  =  24  +  (28  -  24)  (3)/9 

=  25.33% 
The  population  median  is  between  19.20%  and  25.33%  except 
for  unusual  values  that  occur  about  once  in  twenty  trials. 

In  any  continuous  frequency  distribution  the  p-th 
percentile  is  estimated  by  the  order  statistic  whose  number 
is  (n  +  l)p/100.   For  the  43  shrinkage  limits,  the  25th 
percentile  is  estimated  by  an  order  statistic  whose  number 
is  i  25  ~  (^3  +  1)25/100  =  11  .   Again  by  using  equation  3.1, 
the  shrinkage  limit  corresponding  to  the  25th  order  statistic 
is 

t  25  =  15  +  (11  -8)  (3)/5  =  16.80 
In  the  same  way,  the  number  of  the  order  statistic  75th  per- 
centile (t  75)  is  i  ^c  =  33;  and  ^   -jr    =   27.00.   The  inter- 
quartile range  (IR)  is  defined  as  the  difference  between  the 
75th  and  the  25th  percentiles.   In  this  case,  IR  =  27.00  - 
16.80  =  10.20.   The  IR  is  used  as  a  measure  of  population 
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variability  rather  than  standard  deviation.   The  median, 
confidence  interval  of  median,  percentiles,  and  inter- 
quartile range  are  known  as  the  non-parametric  estimates 
of  a  sample  distribution. 

In  this  case,  the  mean  of  the  distribution  is  22.4 
and  the  standard  deviation  is  5.632.  The  95%  confidence 
interval  of  the  mean  is,  approximately, 

22.4  +  ^i^-^^^)    =   20.68-  24.12 

Let  us  consider  another  example.   Table  3~2  shows 
35  observations  of  shrinkage  limits  for  the  soil  association 
Cincinna ti-Rossmoyne-Hickory  with  the  depth  less  than  4  feet, 
By  observation,  the  distribution  is  skewed. 
Table  3-2.  Distribution  of  Shrinkage  Limits  for  the  Soil 
Association  Cincinnati-Rossmoyne-Hickory  with 
the  Depth  Less  than  4  Feet 

Shrinkage   9.00"  12.00-  15.00-  18.00-  21.00-  24.00-  27.00-  30.00- 
Limit  (%)  12.00  15.00  18.00  21.00  24.00  27.00  30.00  33.00 

Frequency    2     6    13     8     3     1     1     1 


I'^-u  la  t  ive 
Frequency 


2  8  21  29  32  33  34  35 


The    same    procedures   were   employed    to  attain    the  non-parametric 
estimates    of    the    sample   distribution.      The    results   are   as 
follows . 
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The  median,  t  ^q,  is  equal  to  17.31  and  the  95% 
confidence  interval  of  the  median  is  15.92  -  19.13.   The 
25th  and  75th  percentiles  are  15.23  and  20.25,  respectively 
Accordingly  the  IR  =  5.02.   The  mean  of  this  distribution 
is  18.37  and  the  standard  deviation  is  4.35.   Therefore, 
the  95%  confidence  of  the  mean  is,  approximately, 
18.37  +  '^^^■'^^)    =    16.90-   19.84 
For  a  final  example.  Table  3-3  shows  38  observations 
of  natural  moisture  contents  for  the  soil  association 
Hunting  ton-Wheel ing-Markham  with  depths  between  5  and  10 
feet.   This  distribution  is  seen  to  be  symmetrical. 
Table  3-3.  Distribution  of  Natural  Moisture  Contents  for 
the  Soil  Association  Huntington-Wheeling- 
Markham  with  Depths  between  5  and  10  Feet 

Natural  Moisture   15.00-   20.00-   25.00-   30.00-   35.00- 
Content  (%)       20.00    25.00    30.00   35.00   40.00 

Frequency  1       7      20       8       2 


Cumulative 
Frequency 


28      36      38 


The  same  procedures  were  employed.   With  the  fol- 
lowing results.   The  median  is  t    =  27.87  and  the  95% 
confidence  interval  of  the  median  is  26.25-  29.50.   The 
25th  and  75th  percentiles  are  25.50  and  30.62,  respectively, 
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The  interquartile  range  (IR)  =  5.12.   The  mean  of  this 
distribution  is  27.77  and  the  standard  deviation  is  3.942. 
The  95%  confidence  interval  of  the  mean  is,  approximately, 
27.77  +  ^^-^-^^^^  =  26.49  ~  29.05 
A  summary  of  results  obtained  above  is  shown  in 
Table  3-4.   For  a  bimodal  distribution,  the  interquartile 
range  is  greater  than  the  standard  deviation.   This  is 
expected  due  to  the  bimodal  feature.   In  the  case  of  a 
skewed  distribution  the  mean  is  greater  than  the  median 
because  of  the  skewness.   As  for  symmetrical  distributions, 
since  the  interquartile  range  is  greater  than  the  standard 
deviation,  the  non-parametric  method  is  less  efficient  than 
the  classical  techniques  based  upon  the  assumption  of 
normality.   However,  the  non-parametric  method  still  yields 
reasonable  results. 

3.3.1.b.  Applications  of  the  Median  Model 
The  methods  and  procedures  illustrated  in  Section 
3. 3.1. a.  were  used  to  describe  the  following  characteristics 

(1)  topographic  characteristics,  viz.,  ground  elevation, 
ground  water  elevation,  and  water  depth  with  relation  to 
ground  elevation; 

(2)  the  relationship  between  the  remolded  soil  characteris- 
tics and  AASHTO  classification  within  a  physiographic 
region; 
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and 

(3)  statistical  soil  profiles. 

Each  item  is  described  as  follows. 

(1)  Topographic  characteristics: 

The  topographic  characteristics  were  examined  within 
physiographic  regions.   The  ground  water  depth  with  relation 
to  ground  elevation  was  taken  directly  from  the  WATER  FINAL 
as  recorded  on  the  DIP.   The  ground  water  elevation  was 
defined  as  the  difference  between  the  ground  elevation  and 
the  WATER  FINAL."  The  procedures  of  analyses  are  outlined 
as  follows  under  the  assumption  of  a  uniform  distribution 
of  the  observations  of  these  topographic  characteristics 
throughout  a  physiographic  region: 

(a)  Examine  the  sample  distributions  of  these  topographic 
characteristics  for  a  desired  physiographic  region,  and 

(b)  Apply  the  methods  discussed  in  Section  3. 3.1. a.  to 
describe  these  sample  distributions. 

The  results  are  shown  in  Appendix  A-1 . 

(2)  Relationships  between  the  remolded  soil  characteristics 
and  AASHTO  classification  within  a  physiographic  region: 

There  exist  many  relationships  between  the  soil 
classification,  notably  the  AASHTO,  and  the  characteristics 
of  remolded  soils,  as  discussed  in  Chapter  2.   To  develop 
these  kinds  of  relationships  on  a  regional  basis,  the 
following  procedures  were  used. 

"WATER  FINAL  is  defined  as  the  final  or  24  hour  reading,  which- 
ever is  reported  in  the  drill  logs,  of  the  depth  to  water. 
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(a)  Examine  the  distribution  of  AASHTO  classification 
units  within  a  given  physiographic  region  (Appendix  A-II) 
and  select  three  or  four  most  probable  AASHTO  classification 
units  as  the  representative  soil  groups  in  the  region. 

(b)  Examine  the  distributions  of  both  visual  texture 
and  Unified  classification  units  for  each  of  the  selected 
AASHTO  classification  units  within  the  specific  region. 
Select  the  most  probable  texture  and  Unified  classification 
units  as  the  representatives  for  soil  identification  and 
correlation . 

(c)  Apply  the  methods  described  in  Section  3. 3.1. a. 
to  obtain  the  estimates  of  samples  distributions  of  the 
following  remolded  soil  characteristics:   natural  dry 
density  (Pi),  specific  gravity  (G) ,  shrinkage  limit  (SL), 
maximum  dry  density  (p,     ),  optimum  moisture  content 
(OMC),  CBR  value  at  100%  maximum  dry  density  (CBR  SOI), 
and  CBR  value  at  95%  maximum  dry  density  (CBR  S02)  for 

each  AASHTO  classification  unit  selected  above.   The  results 
are  shown  in  Appendix  A-II. 
(3)  Statistical  soil  profiles 

An  attempt  has  been  made  to  generate  soil  profiles 
vith  statistical  bases.   As  the  statistical  reasoning  is 
based  on  the  characteristics  of  an  aggregate  of  sample 
observations,  any  discontinuity  in  the  sample  distribution 
must  be  eliminated.   The  statistical  soil  profiles  were 
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generated  according  to  the  pedological  soil  associations, 
because  these  are  the  only  soil  grouping  units  which  are 
reasonably  large  and  grossly  homogeneous.   The  procedures 
of  generating  a  statistical  soil  profile  for  a  given  soil 
association  are  illustrated  below. 

Sufficient  data  were  available  for  the  soil  associa- 
tion Wellston-Zanesville-Berks  (Table  3-18).   The  items  of 
general  description  and  parent  material  in  Table  3.18  were 
extracted  from  the  "General  Soils  Maps"  (32)  and  the  "Key 
to  Soils  of  Indiana"  (30).   Examinations  of  sample  distri- 
butions of  AASHTO  classification  units,  counties,  and 
physiographic  regions  for  this  soil  association  as  shown  in 
Tables  3-5  through  3-7  indicate  that:   (i)  the  A-4,  A-6, 
and  A-7-6  soils  are  more  dominate  than  the  others,  and, 
therefore,  are  selected  as  the  soil  representatives  for 
further  layer  divisions;  and  (ii)  this  kind  of  soil  is 
mainly  distributed  in  Crawford,  Dubois,  and  Perry  counties 
within  the  Crawford  Upland  physiographic  regions. 

Tables  3-8  to  3-10  show  the  distributions  of  topo- 
graphic characteristics.   Only  those  ground  elevations 
which  have  corresponding  WATER  FINAL  records  were  selected. 
The  methods  presented  in  Section  3. 3.1. a.  were  employed  to 
describe  these  samples  distributions. 

The  90th  percentile  of  the  DEPTH  T  (as  recorded 
on  the  DIF)  for  each  of  the  AASHTO  units  selected  was 
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Table  3-5   Distribution  of  AASHTO  Units  for  Soil 
Association  Wei Is ton-Zanesvil le -Berks 

ve  Cumulative 

Frequency  (%)     Frequency  (%) 


2.6 
3.4 
10.5 
11.7 
39.1 
68.0 
72.6 
100.0 


Total  266         100.0  100.0 

Table  3~6   Distribution  of  Counties  for  Soil 

Association  Wells ton-Zanesvil le-Berks 

County        Frequency      Relative        Cumulative 

Frequency  (%)     Frequency  (%) 


AASHTO 

Frequency 

Rela 

Unit 

Freque 

Unknown 

7 

2.6 

A-l-B 

2 

0.8 

A-2-4 

19 

7.1 

A-2-6 

3 

1.1 

A-4 

73 

27.4 

A-6 

77 

28.9 

A-7-5 

12 

4.5 

A-7-6 

73 

27.4 

Crawford 

110 

41.4 

Dubois 

67 

25.2 

Harrison 

7 

2.6 

Orange 

17 

6.4 

Perry 

65 

24.4 

41.4 
66.6 
69.2 
75.6 
100.0 


Total  266         100.0  100.0 
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Tabic  3-7   Distribution  of  Physiographic  Regions  for 
Soil  Association  Wells ton-Zanesville-Berks 

Physiographic    Frequency       Relative     Cumulative 
Region  Frequency  (%)  Frequency  (%) 

Crawford  Upland    252  94.7  94.7 

Wabash  Lowland      14  5.3         100.0 

Total 266 100.0 100.0 

Table  3~8   Distribution  of  Ground  Elevations  Which 

Have  Corresponding  WATER  FINAL  Records  for 
Soil  Association  Wells ton-Zanesville-Berks 

Class  Limit   420-   470-   520-   570-   620-   670-   720-   770- 
(ft.)        470   520   570   620   670   720   770   820 

Frequency     20     8    11     6     8     2     1     3 


Cumulative 

Frequency     ^0    28    39    45    53    55    56    59 


Table  3-9   Distribution  of  WATER  FINAL  for  Soil 
Association  Wells ton-Zanesville-Berks 

Class  Limit   ]-   5-   9-   13-   17-   21-  25-  29-  33- 
(ft.)         5    9    13    17   21   25   29   33   37 

Frequency    27    14    6    6    3    1    1    0    1 
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Table  3-9   (continued) 


Cumulative 
Frequency 

27 

41 

47 

53 

56 

57 

58 

58 

59 

Table  3-10   Distribution  of  Ground  Water  Elevation 

(Elevation  of  Ground  Surface  -  WATER  FINAL) 
for  Soil  Association  Wells ton-Zanesville- 
Berks 

Class  Limit  415-  465-  515-  565-  615-   665-   715-   765- 
(ft.)        465   515   565   615   665   715   765   815 

Frequency     19    10    11     5     8     2     1     3 


Cumulative 

19    29    40    45    53    55    56    59 


Frequency 


Table  3-11   Distribution  of  DEPTH  T  of  A-4  Soils  for 

Soil  Association  Wellston-Zanesville-Berks 

Class  Limit  0-  1-  2-  3-  4-  5-  6-  9-  10-  11-  14-  15-  18-  20-  22- 
(ft.)        1   2   3   4   5   6   7  10  11  12  15  16  19  21  23 

Frequency       16       776     10       151       1242533 


Cumulative 

Frequency   ^^  ^^  ^°  ^^  ^^  ^^  ^^  ^^  ^^  ^^  ^°  ^^  ^^  '^^     ^^ 
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defined  as  its  upper  depth  boundary  in  the  profile,  and  the 
90th  percentile  of  DEPTH  B  (as  recorded  on  the  DIF) ,  as  its 
lower  depth  boundary.   This  was  done  to  eliminate  the  ex- 
tremes of  DEPTH  T  and  DEPTH  B  and,  hopefully,  to  minimize 
the  discontinuity  of  soil  sample  versus  depth  distributions. 
For  example,  as  shown  in  Table  3-11,  the  number  in  order 
statistics  corresponding  to  the  90th  percentile  of  the 
distribution  of  DEPTH  T  of  A-4  soils  is  (73  +  1)90%  =  67. 
Therefore,  the  90th  percentile  is  equal  to  19  feet,  which 
gives  the  upper  depth  boundary  of  A-4  soil.   In  the  same 
manner  the  90th  percentile  of  the  distribution  of  DEPTH  B 
of  A-4  soil  is  21  feet,  which  defines  the  lower  depth 
boundary  (Table  3-12).   Using  the  sample  distributions 
described  in  Table  3-13  to  3-16,  and  applying  the  same 
procedures,  the  upper  depth  boundary  is  15  feet  and  the 
lower  depth  boundary  is  16  feet  for  A-6  soil.   The  upper 
depth  boundary  is  12  feet  and  the  lower  depth  boundary 
17.50  feet  for  A-7-6  soil.   The  results  are  shown  in 
Figure  3-3(a).   Table  3-17  shows  the  distribution  of  all 
available  AASHTO  units  versus  DEPTH  T. 

An  examination  of  Figure  3-3(a)  and  Table  3-17 
indicates  that  A-4,  A-6,  and  A-7-6  soils  are  more  dominate 
from  the  surface  to  a  depth  about  12  feet.   The  A-6  soil 
is  more  dominate  from  12  feet  to  approximately  17  feet. 
Thus  a  three  layer  system  is  drawn  for  this  soil  profile. 
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Table  3-12   Distribution  of  DEPTH  B  of  A-4  Soils  for 

Soil  Association  Wells ton-Zanesvillc-Berks 

Class    Limit      0-        1-        2-        3-        4-        5-        6-        7-        8-        9- 
(ft.)  123456789        10 

Frequency    1    9    5    10    4    6    12    2    1    2 


Cumulative 

^^   ^   „    1    10    15   25   29   35   47   49   50   52 
Frequency 


Table  3-12   (continued) 

Class  Limit  11-   12-   13-   15-   16-  17-  19-  20-   22-  24- 

(ft.)  12    13    14   16    17  18  20  21    23  25 

Frequency  112          13          2          4          13  3 


Cumulative 

Frequency   "   ^^   ^^   57   60   62   66   67    70   73 


Table  3-13   Distribution  of  DEPTH  T  of  A-6  Soils  for 

Soil  Association  Wellston-Zanesvil le-Berks 

Class    Limit      0123456789        10        11 
(ft.)  -1      -2      -3      -4     -5      -6      -7      -8      -9   -10     -11      -12 

Frequency        25        564922123  1  4 
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Table  3-13   (continued) 


Cumulative 

25  30  36  40  48  51   53  54  56  59   60   64 
I-  requency 


Table  3-13   (continued) 


Class  Limit    12    13    14    15    16    18 
(ft.)        -13   -14  -15   -16   -17   -19 

Frequency      3    2    12    3    2 


Cumulative    ^^   ^^   ^q   ^2   75   77 


Frequency 


Table  3-14   Distribution  of  DEPTH  B  of  A-6  Soils  for 

Soil  Association  Wells ton-Zanesvil le-Berks 

Class   Limit      0123  45  6789 

(ft.)  -1      -2      -3        -4  -5        -6  -7        -8        -9      -10 

Frequency  2      13        47  94  8521 


Cumulative 

^^  2      15   19   26    35   39    47   52   54   55 

Frequency 
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Table  3-14   (continued) 


Class  Limit  10   11   12    13    14   15    17    18    19   20 
(ft.)      -11   -12  -13   -14  -15   -16   -18  -19   -20  -21 

Frequency  411432  2311 


Cumulative 

59   60  61    65   68   70    72   75   76   77 


Frequency 


Table  3-15   Distribution  of  DEPTH  T  of  A-7-6  Soils  for 
Soil  Association  Wellston-Zanesville-Berks 

Class   Limit      012345  6789 

(ft.)  -1        -2     -3        -4       -5        -6  -7        -8       -9     -10 

Frequency   33    77    7    85     6    144 


Cumulative 

Frequency   ^^   ^0   27   34   42   47    53   54   58   62 


Table  3-15   (continued) 


Class  Limit  10    11   13    15    18    19    20 
(ft.)      -11   -12  -14   -16   -19   -20   -21 

Frequency    2    3    12     11      1 


Cumulative 

64   67   68   70   71    72    73 


Frequency 
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Table  3-16   Distribution  of  DEPTH  B  of  A-7-6  Soils  for 
Soil  Association  Wellston-Zanesvil le-Berks 

Class   Limit      123456789  10 

(ft.)  -2        -3        -4        -5        -6        -7        -8        -9      -10        -11 

Frequency        10  29874654  3 


Cumulative 

Frequency   '^        '^        ^1    29   36   40   46   51   55    58 


Table  3-16   (continued) 

Class  Limit  11    12    13    15    17  19    22    23    49 

(ft.)      -12   -13   -14  -16   -18  -20  -23   -24  -50 

Frequency          3          2           2           13  1111 

Cumulative 

Frequency   61    63   65   66   69  70   71    72   73 
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The  first  layer  ranges  from  1  foot"  to  12  feet,  the  second 

layer  from  12  feet  to  17  feet,  and  the  third  layer  from  17 

feet  to  21  feet,  as  shown  in  Figure  3-3(b).   All  the  upper 

boundaries  of  A-4,  A-6 ,  and  A-7-6  soils  extend  to  a  depth  of 

12  feet.   Further  divisions  of  layers  may  be  necessary. 

Referring  to  Figure  3- 3(b)  and  Table  3-17,  and  for  the  sake 

of  simplicity,  the  upper  12  foot  layer  is  divided  into  half. 

Therefore  a  four  layer  soil  profile  system  is  established. 

The  first  layer  is  from  1  foot  to  6  feet,  the  second  layer 

from  6  feet  to  12  feet,  the  third  layer  from  12  feet  to  17 

feet,  and  the  fourth  layer  from  17  feet  to  21  feet. 

The  soil  characteristics  presented  in  each  layer  are 

shrinkage  limit  in  %  (SL) ,  natural  moisture  content  (w  ), 

natural  dry  density  (Pj)j  specific  gravity  (G) ,  maximum  dry 

density  (p,     ),  optimum  moisture  content  (OMC) ,  CBR  soaked 
d  max  V    / > 

value  at  100%  maximum  dry  density  (CBR  SO  1),  CBR  soaked 
value  at  95%  maximum  dry  density  (CBR  S02),  and  unconfined 
compressive  strength  (q  ).   The  sample  distribution  of  each 
soil  characteristic  for  a  specific  layer  was  then  examined 
by  using  the  procedures  discussed  in  Section  3. 3.1. a.   All 
available  data  are  used,  regardless  of  their  AASHTO 
classification  units. 


"The  top  one  foot  of  soil  was  regarded  as  top  soil. 
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In  addition  to  the  soil  characteristics  mentioned 
above,  estimates  of  sample  distributions  of  SPT,  precon- 
solidation  pressure  (p  ),  cohesive  strength  intercept 
(c)  and  strength  angle  (4))  were  examined  and  added  to  the 
statistical  soil  profiles  (Table  3-18). 

Thirty-eight  statistical  soil  profiles  were  generated 
using  the  above  procedures.   The  results  are  accumulated 
in  Appendix  A-Ill. 

3. 3. 2. a.  Regression  Models 

Regression  analysis  provides  a  conceptually  simple 
method  for  investigating  functional  relationships  among 
variables.   In  general,  the  first  stage  of  the  analysis 
is  to  select  the  variables  to  be  included  in  the  regres- 
sion model.   This  is  done  based  upon  theory,  on  former 
examples,  or  by  other  procedures. 

The  most  thorough  approach,  known  as  the  all  pos- 
sible regression  method,  is  to  develop  the  regression  of 
y  (dependent  variable)  on  every  subset  of  the  k  x  variables 
(independent  variables).   The  major  drawback  of  this  method 
is  the  amount  of  computation.   Another  approach  for 
selecting  variables,  and  the  one  used  in  this  study,  is 
the  stepwise  regression  method.   For  details  refer  to 
Chatterjee  et  al  (18)  and  Draper  et  al  (26).   It  is 
recommended  (18)  that  the  step-wise  procedures  be  applied 
only  to  noncollinear  data,  and  the  order  in  which  the 
variables  enter  or  leave  the  equation  not  be  interpreted 
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Table  3-18 


5- 


z    — 


Statistical  Soil  Profile  for  the  Soil 
Association  Wellston  -  Zanesville  -  Berks 

Soli  Association:     Wellston-Zanesvllle-Berks 

General  Description:     Sloping,  well  drained,   sllty 

Wellston  and  sloping,  veil  drained, 
sllty  Zanesville  with  f raglpans , 
both  in  wind-blown  silts   and 
weathered  sandstone  and  shale,   and 
steep  Berks   in  weathered  sandstone 

Parent  Material:  and  shale. 

Soils   formed  in  residuum  from  siltstone, 
shale  and  sandstone  bedrock. 

Distribution: 

Physiographic  tinit:     Crawford  Upland 
Counties:      Crawford,   Dubois,   Perry. 

Topographic   Characteristics: 
Ground  elevation   {        ft.) 
mean:      51+1.23  s.d. 

t 


^.25'      ^^'^•^° 
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110.85  median:     529.09 

620.00  I.R. :         162.50 

95'   C.I.    of  median:     1»82.50~565.^5  No.   of  cases:     59 

minimum:      '+22. 50  maximiun:     803.8O 

Ground  water  elevation   (        ft.): 
mean:      532.8?  s.d.:     107.88 


t_25:      ''Si*. 1+7 


t         •     615.00  I.R. 


median:     519.51* 
160.53 

95?  C.I.    of  median:     1*80.00~555.91  No.   of  cases:     59 

mlnimiim:      1+17.20  maximum:     78U.80 

Water  depth  with  relation  to  ground  elevation   (        ft.): 
mean:  8.36  s.d.:  7.12  median:         5.86 


.25' 


3.22 


t^.^^:       11.67 


I.R.:  8.1+5 

95?   C.I.    of  median:     1*. 26-6. 63  No.   of  cases:       59 

minimum:   1.00  maximum:     37.00 
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as  reflecting  the  relative  importance  of  the  variables, 
A  question  arises  while  entering  the  variables  to 
formulate  a  regression  model,  as  to  the  form  of  each  vari- 
able, i.e.,  should  it  enter  the  model  as  an  original 

2 
variable  x,  or  as  some  transformed  variable  such  as  x  , 

log  X,  or  a  combination  of  both.   If  from  an  examination 
of  scatter  plots  of  y  against  x  the  relationship  between 
y  and  x  appears  to  be  nonlinear,  appropriate  transfor- 
mations of  the  data  are  introduced  to  produce  linearity 
(18).   In  this  study,  all  variables,  their  possible 
transformations,  and  their  combinations  were  included  in 
the  step-wise  procedure  for  selecting  variables,  so  long 
as  they  were  not  collinear. 

The  variables  were  selected  to  minimize  the  MSE 

(mean  square  due  to  error)  of  the  prediction.   As  a  large 

2        ... 
value  of  R   or  a  significant  t  statistic  does  not  insure 

that  the  data  were  well  fitted  (3),  a  careful  residual 

analysis  was  also  made.   The  procedure  to  reduce  the 

number  of  independent  variables  was  to  compare  the  full 

model  (FM)  and  reduced  model  (RM)  by  using  the  F-statistic. 

For  details  of  this  procedure  refer  to  (18). 

It  was  believed  that  the  soil  was  more  homogeneous 

in  a  small  geologic  or  pedologic  unit.   Therefore,  the 

regression  models  were  established  on  these  units.   It 

was  often  found  that  for  a  given  dependent  variable  the 

regression  models  generated  in  this  way  used  different 

sets  of  independent  variables  for  various  locations.   It 
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seems  unwise  to  conclude  that  these  differences  are  caused 
by  soil  differences  alone. 

The  effects  of  soil  location  and  genesis,  viz., 
physiographic  region  and  parent  material,  were  investi- 
gated by  employing  the  statistical  technique  of  using 
qualitative  variables  as  regressors  (18).   In  order  to  do 
so,  the  qualitative  variables  were  represented  by  dummy 
variables  which  take  on  only  two  values,  usually  zero  and 
one.   These  two  values  designated  whether  the  observation 
belonged  in  one  of  two  possible  categories.   Accordingly, 
the  number  of  these  variables  required  was  one  less  than 
the  number  of  categories  in  a  grouping  unit.   Reference 
(53)  shows  that  for  Indiana  the  physiographic  regions  are 
coded  from  1  to  12  and  parent  materials  from  1  to  13.   The 
dummy  variables  indicators  were  set  up  as  follows: 

_  1   if  the  soil  sample  is  taken  from  the  physiographic 

region  coded  as  i 
X  • 
1 

=  0   otherwise 
where  i  =  1,  2,  3,  ...,  11; 
and 

=  1   if  the  soil  sample  is  derived  from  the 
z-       parent  material  coded  as  j 

=  0  otherwise 
where  j  =  1,  2,  3,  ...,  12. 

For  the  soil  sample  taken  from  the  physiographic  region 
coded  as  13,  let  x,  =  x^  =  x^  =  ...  =  x,^  =  0.  And  for 
the  soil  sample  derived  from  the  parent  material  coded  as 
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12j  let  z^  =  z^  =  Zo  =  •••  =  Zi-i  =  0. 

Assume  that  the  following  relationship  exists: 

C   =  a^  +  StW   +  a^e   +  a-,w, 
c    0     In    2o    3L 

where  C   is  the  compression  index,  w   the  natural  moisture 
c  n 

content  (%),  e   the  initial  void  ratio,  and  w^  the  liquid 

limit  (%) .   To  investigate  how  these  two  soil  grouping 

units  affect  this  relationship  singly  or  in  combination, 

the  F-statistics  were  employed  for  making  comparisons  of 

the  following  models: 

Model    1:      C      =   a„    +   aiW     +   a^e      +   aoW, 
c  0  In  2o  3L 

Model  2:   C^  =  a'  +  ajw^  +  a'e^  "^  S  ^L  ^  ^i^l  ^  ^5^2 

+  ...  +  a^'x^2 
Model  3:   C^  =  a^  +  a''w^  +  a^e^  -^  a^w^^  +a^z^  +  a^Z2 


^  ^li^ll 


and 


Model  4:   C^  -   a'-    .  a'^w^  .   a^'e^  .  a^'w^  -  a'''x^ 

^a^'x2  -    ...  +  a^^'x^2  ^  ^16*^1  ^  ^17"^2 
...  i-  a2g  Zj^. 
3.3.2.b.  The  Application  of  Regression  Models 

The  regression  models  were  used  to  correlate  soil 
design  parameters,  such  as  those  of  compaction,  consolida- 
tion, and  strength,  with  soil  index  properties.   The 
following  example  illustrates  how  to  apply  the  procedures 
described  in  the  previous  section  to  arrive  at  the  regres- 
sion model  for  maximum  dry  density  (p,     )  usine  index 

•'        •'  ''^d  max'^      * 

properties . 
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Table  3-19  shows  the  correlation  coefficients  (R) 

between  the  p,     and  selected  index  properties.   It 
d  max  r   r 

shows  that  the  p  ,      is  well  correlated  with  w^  and  w  . 

d  max  L       p 

Scatter  plots  are  shown  in  Figures  3-4  and  3-5.   In  the 

presentation  of  the  data,  the  solid  line  represents  the 

best  fit  line  while  the  dashed  lines  define  the  boundaries 

of  95%  population  confidence  interval.   Examinations  of 

these  two  scatter  plots  indicate  that  seemingly  curvilinear 

relationships  exist  between  p,     and  w,  and  w  .   There 
^  a   max       L       p 

should  also  be  an  examination  of  whether  the  interaction 

between  w,  and  w  ,  i.e.,  w,  '  w  ,  has  any  significant 
L       p'      '   L     p'        J         & 

Table  3-19   Correlation  Table  for  Maximum  Dry  Density 

(p,     )  Versus  Some  Index  Properties 
^  d  max^  ^ 

Coefficient  of   Natural  Moisture    Natural  Dry    %  Sand  by 
Correlation  (R)      Content,  %,     Density,  pcf.     Weight 

(w^)  (p^)         (sand) 


Pj     (pcf) 
^d  max^^   ^ 


-  0.525  0.714  0.201 

(n  =  241)        (n  =  20)       (n  =  642) 


Table  3-19   (continued) 


%  Silt  by  Plastic  Liquid 
Weight,  Limit,  %  Limit 
(silt)  (Wp)        %,  (wj^) 


-0.243  -0.665        -0.720 

(n   =  668)       (n  =  623)       (n  =  625) 
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effect  on  p,     .   Therefore,  the  following  independent 

d  max  '  ^  '^ 

variables  enter  the  step-wise  regression  program  for  con- 

2        2 
sideration:   w,  ,  w   ,  w  ,  ^^  j  ^t  *  '^n  >  ^  sand  and  %  silt. 

Since  there  were  not  enough  corresponding  data  available 

for  w   and  p,,  they  do  not  enter  the  program  as  regressor 

candidates.   The  results  follow. 

Model  1:   P,     =  -  0.463  w,  +  128.337,  for  which  iRl 
d  max  L  '  ' 

=  0.743,  standard  deviation  of  estimate 
=  5.651  ,  and  n  =  601 . 
ANOV  (analysis  of  variance)  table 
source  d.f.  s.s.  m.s. 

regression        1  23619.122        23619.122 

errors  599  19131.922  31.940 

Model  2:   p,     =  -  0.465  w,  -  0.138  silt  +  133.995,  for 
Q  max  L 

which  |r1  =  0.791,  standard  deviation  of  estimate 
=  5.176,  and  n  =  601 . 
ANOV  table 
source  d.f.  s.s.  m.s. 

regression        2  26726.969       13363.485 

errors  598  16024.075  26.796 

Model  3:   p,     =  -  0.371  w,  -  0.105  silt  -  0.396  w^ 
d  max  L  p 

+  136.794,  for  which  |R|  =  0.803,  standard 
deviation  of  estimate  =  5.047,  and  n  =  601. 
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ANOV    table 
source  d  .  f , 


s  .s . 


m.s 


regression 
errors 


3 

397 


27544.092 
15206.952 


9181.364 


Model  4:   P,     =  -  0.554  w,  -  0.0900  silt  -  0.277  w 
d  max  L  p 

+  0.00849  "l  '  Wp  +  142.888,  for  which  1R| 
=  0.808,  standard  deviation  of  estimate 
=  4.984,  and  n  =  601 . 
ANOV  table 
source  d.f.  s.s.  m.s. 


regression 
errors 


4 
596 


27884.774 
14866.270 


6971.193 
24.943 


Model  5:   -,     =  -  0.587  w,  -  0.0898  silt  -  0.608  w„ 
pd  max  L  p 

+  0.0100  w,w   -  0.00430  w  ^  +  142.344,  for  which 
L  p  p 

|R|  =  0.808,  standard  deviation  of  estimate 
=  4.998,  and  n  =  601. 
ANOV  table 
source  d.f.  s.s.  m.s. 


regression       5 
errors         595 


27890.335 
14860.709 


5578.067 
24.976 


Model  6:   p,  „^   =  -  0.591  w,  -  0.0897  silt  -  0.606  w^ 
d  max  L  p 

+  0.0122  w, w^  -  0.00648  w^^  -  0.000470  w, ^+  142.404, 

L>   p  P  L4 
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for  which  |R|  =  0.808,  standard 

deviation  of  estimate  =  5.001,  and  n  =  601. 

ANOV  table 
source  d.f.  s.s.  m.s. 

regression       6  27892.792        4648.799 

errors         594  14858.252  25.014 

Model  7:   ^,     =  -  0.588  w,  -  0.0858  silt  -  0.608  w^ 
d  max  L  p 

^  0.0126  w^Wp  -  0.00683  w^  _  ^   ^^^^^^      2 
+  0.00585  sand  +  142.000,  for  which  |R| 
=  0.808,  standard  deviation  of  estimate 
=  5.005,  and  n  =  601. 
ANOV  table 
source  d.f.  s.s.  m.s. 

regression       7  27894.718        3984.960 

errors         593  14856.326  25.053 

The  F-statistic  tests  were  employed  to  reduce  the 
number  of  independent  variables  as  follows: 

Case  i,  Model  7  vs  4 

2    2 
H  :   coefficients  of  sand,  w,  ,  w   =  0,  H.:   not  H^. 
o  '   L     p        A        o 

F      =  (27894.718  -  27884 . 774) /(7-4) 

^3,583  25.053 

=  0.132  <  8.54  at  5%  level. 

2 

H   is  accepted,  i.e.,  the  variables  of  sand,  w^^  ,  and 

2  ... 

w   do  not  add  significant  information  to  Model  4. 
P 
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case  ii,  Model  4  vs  3: 

H  :   coefficient  of  w^^w  =  0,  H^:   not  H^ 

-  (27884.774  -  27544 . 092) /(4-3) 
f^l,596  ~  ~  24.943 

=  13.658  >  3.86  at  5%  level. 

H   is  reiected,  i.e.,  the  variable  w. w  does  add 
o  ^  P 

significant  information  to  Model  3. 
case  iii,  Model  3  vs  2: 

H  :   coefficient  of  w^  =0,  H. :   not  H 
o  p        /\  o 

-  (27544.092  -  26726 . 969) /(3-2) 
^1,597  23T47I 

=  32.079  >  3.86  at  5%  level. 

H   is  reiected. 
o      -" 

Case  iv,  Model  2  vs  1 : 

H  :   coefficient  of  silt  =  0,  H^:   not  H^ 

_  (26726.969  -  23619.122)7(2-1) 
^1,598  26.796 

=  115.982  >  3.86  at  5%  level 

H   is  rejected, 
o 

Hence,  the  final  model  was  in  the  form  of: 

S^     =  -  0.554  w-  -  0.0900  silt  -  0.727  w 
^d  max  L  P 

+  0.00849  WW  +  142.888,  Equation  3.3, 

L  p 

for  which  |R|  =  0.808,  standard  deviation  of  estimate 

=  4.994,  and  n  =  601 .   For  a  given  predicted  p^  ^^^ 

CS,     )  about  68%  of  sample  observations  (measured 
^^d  max*^ 

Pd  max^  ^^^^  ^^  ""^^    ^^"^^  °^  ^d  max  ""  "^"^^^  ^"^  ^d  max 
-  4.994. 
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To  investigate  the  effects  of  physiographic  regions 
and  parent  materials  on  Equation  3.3  the  dummy  variable 
indicators  were  set  up  as  follows: 

=  1  if  the  soil  sample  is  taken  from  the  physiographic 
x-      region  coded  as  i 
=  0  otherwise 
where  i  =  1,  2,  3,  ...,  11* 
and 

=  1  if  the  soil  sample  is  derived  from  the  parent 
z-         material  coded  as  j 
=  0  otherwise 
where  j  =  1,  2,  3,  ...,  11. 

Adding  these  dummy  variable  indicators  to  the  regres- 
sion model  (Equation  3.3)  for  further  analysis,  the  regres- 
sion models  were  developed  as  follows. 

Model  A:   p,     =  -  0.554  w,  -  0.0900  silt  -  0.727  w„ 
d  max  L  p 

+  0.00849  Wj^w  +  142.888,  for  which  |R| 
=  0.808,  standard  deviation  of  estimate 
=  4,994,  and  n  =  601. 
ANOV  table 
source  d.f.  s.s  m.s. 

regression       4  27884.774         6971.193 

errors         596  14866.270  24.943 


"There  were  no  soil  samples  available  from  the  Maumee 
Lacustrine  Section,  coded  as  12. 
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Model  B:   p,     =  -  0.546  w,  -  0.0903  silt  -  0.680  w 
d  max  L  p 

+  0.00818  w,w   +  0.540  x,  +  0.292  x^  +  4.450  x^ 
L  p  1  I  J 

-  ].992  x^  +  0.488  x^  -  1.374  x^  +0.368  x-  -  0.138  Xg 

-  1.574  Xg  -  0.136  x^Q  +  0.755  x^^  +  141.852 
for  which  |R|  =  0.814,  standard  deviation  of 
estimate  =  4.960,  and  n  =  601. 

ANOV  table 


source 


d  .  f  .  s . s .  m. s 


regression      15  28359.223        1890.615 

errors         585  14391.821  24.601 


Model  C:   p,     =  -  0.564  w,  -  0.0920  silt  -  0.695  w^ 
d  max  L  p 

+  0.00873  Wj^w  -  2.625  z^  -  3.912  -l^^   -   6.532  z^ 

-  4.281  z^  -  2.706  z^  -  4.147  z^  -  2.717  z.^ 

-  3.0270  Zg  -  4.314  z^  -  3.390  z^q  -  4.449  z^^ 
+  146.137 

for  which  lR|  =  0.813,  standard  deviation  of 
estimate  =  4.976,  and  n  =  601. 
ANOV  table 
source  d.f.  s.s.  m.s. 


regression      15  28263.429        1884.228 

errors         585  14487.615  24.765 


Model  D:   p,     =  -  0.563  w,  -  0.0938  silt  -  0.654  w^ 
d  max  L  p 

+  0.00828  w,w  +  0.240  x,  +  0.191  x^  +  4.516  x^ 
L  p  1  I  3 

-  2.677  x^  -  0.478  x^  -  2.453  x^  -0.664  x^  -  0.447  Xg 
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-  2.501  Xg  +  0.569  x^Q  +  0.281  x^^  -  2.480  z^ 

-  4.761  Z2  -  7.246  z^  -  3.746  z^  -  3.715  z^ 

-  5.321  Zg  -  3.847  z^  -  4.190  Zg  -  4.684  z^ 

-  3.329  z^Q  -  3.254  z^^ 

for  which  |R|  =  0.819,  standard  deviation  of 
estimate  =  4.946,  and  n  =  601. 
ANOV  table 
source  d.f.  s.s.  m.s. 

regression      26  28710.798        1104.261 

errors         574  14040.246  24.460 


The  F  statistic  tests  were  again  used  to  examine  the 

effects  of  physiographic  regions  and  parent  materials  on 

the  Model  A,  i.e.,  Equation  3.3 

Case  i:   Model  D  vs  A 

H  :   coefficient  of  x's  and  z's  =  0,  H, :   not  H  . 
o  '   A        o 

^       ^  (28710.798  -  27884. 774)/(26-4) 

22,574  24.460 

=  1.535  <  1.560  at  5%  level. 

H   is  accepted,  i.e.,  neither  physiographic 

regions  nor  parent  materials  add  any  significant 

information  on  Model  A. 

Case  ii:   Model  B  vs  A 

H  :   coefficient  of  x's  =  0,  H. :   not  H  . 
o  '   A        o 

^       ^  (28359.223  -  27884.774)7(15-4) 
11,585  24.601 

=  1.753  <  1.810  at  5%  level. 
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H   is  accepted,  i.e.,  physiographic  regions  do 

not  add  significant  information  on  Model  A. 

Case  iii:   Model  C  vs  A 

H^:   coefficient  of  z's  =  0,H.:   not  H  : 
o  '  A        o 

V  =  (28263.429  -  27884.774)7(15-4) 

11,585  24.765 

=  1.390  <  1.810  at  5%  level 
H   is  accepted,  i.e.,  parent  materials  do  not 
add  significant  information  on  Model  A. 
Therefore,  equation  3.3  was  the  final  model  for  maximum  dry 

density  (p,    ).   For  the  soil  variable  of  compression 

■^    d  max  '^ 

index  (C  )  it  was  found  that  effects  of  both  physiographic 

regions  and  parent  materials  do  add  significant  information 

statistically  to  the  regression  model  of  C   on  index 

properties.   The  regression  model  was  found  to  be 

C  =  -  0.151  +  0.00326  w  +  0.191  e   +  0.00325  w, 
c  n  o  L 

+   0.0162   x,    -   0.0110   x„    +   0.0208   x^    +   0.0296   x, 
1/34 

+  0.0120  x^  -  0.0110  x^  +  0.0365  x^  +  0.0351  Xg 

+  0.0646  Xg  +  0.0649  x^q  -  0.0.594  x^^  -  0.0245  z^ 

-  0.0313  z^   -   0.00987  z^  -  0.0917  z^  -  0.121  z, 

-  0.0292  z^  -  0.0667  Zg  +  0.00841  z^  -  0.0418  z^q 

-  0.00884  Zjj 

Equation  3.4* 
for  which  |R|  =  0.952,  standard  deviation  of  estimate 
=  0.0670,  and  n  =  302. 


"Mote  that  there  were  no  soil  sample  taken  from  the  Maumee 
Lacustrine  section,  coded  as  12  in  the  croup  of  physio- 
graphic regions,  nor  from  loamy  Wisconsin  age  glacial  till, 
coded  as  5  in  the  group  of  parent  materials. 
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The  Crawford  Upland  soils  are  coded  as  7,  i.e.,  x^, 

in  the  group  of  physiographic  regions,  and  those  of  soil 

association  Wells ton-Zanesville-Berks  which  is  the  residuum 

from  siltstone,  shale  and  sandstone  are  coded  as  10,  i.e., 

z,^,  in  the  group  of  parent  materials.   With  x-,  =  1,  z,^ 

=  1,  and  the  rest  of  dummy  variables  indicators  as  zero, 

Equation  3.4  becomes 

C  =  -  0.151  +  0.00326  w„  +  0.191  e   +  0.00325  w, 
c  n  o  L 

+  0.0365  -  0.0418 

or      =  -  0.156  +  0.00326  w„  +  0.191  e„  +  0.00325  w,  . 

no  L 

Figures  3-6  and  3-7  show  the  scatter  plots  with 

regression  lines  and  95%  population  confidence  intervals 

for  the  measured  p,      (p,     )  and  predicted  p, 

d  max  ^  d  max'^      ^  d  max 

(Pj     )  using  Equation  3.3,  and  the  measured  C   (C^)  and 
^  d  max'^      &   M  >  c  ^  c-' 

predicted  C   (C  )  using  Equation  3.4.   In  the  presentation 
of  the  data,  the  solid  line  represents  the  best  fit  line, 
while  the  dashed  lines  define  the  boundaries  of  95% 
population  confidence  intervals.   All  the  regression  models 
generated  in  this  work  are  collected  in  Appendix  A-IV. 
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CHAPTER  4  DISCUSSIONS  OF  RESULTS 


4.1.  General 


In  this  study  both  median  and  regression  models  were 
developed  for  statistical  forecasting.   Predictions  are 
extrapolations  into  the  future  of  features  shown  by  relevant 
data  in  the  past.   Therefore,  a  considerable  population  of 
values  for  the  dependent  variable  is  required.   Another 
basic  requirement  for  prediction  is  the  existence  of  a 
stable  data  structure.   The  trend  of  the  data  and  the 
statistical  variation  about  the  trend  must  be  stable,  which 
can  be  detected  by  the  confidence  intervals  and  interquar- 
tile range  for  a  median  model,  or  the  standard  deviation  of 
estimate  and  multiple  correlation  coefficient  (|R|)  for  a 
regression  model.   A  large  difference  between  the  confidence 
intervals,  or  a  large  value  of  interquartile  range  for  a 
median  model,  or  a  large  standard  deviation  of  estimate 
for  a  regression  model,  indicates  that  the  data  structure 
is  not  stable.   Either  more  data  or  a  change  in  grouping 
unit  is  needed  for  better  prediction. 

4.2 .  The  Median  Model  and  Soil  Variability 
In  this  study  soils  were  grouped  by  physiographic 
regions,  AASHTO  classifications,  soil  associations,  or  a 
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combination  of  these.   The  sample  distributions  of  soil 
characteristics  were  studied  according  to  these  groups. 
The  median  of  the  sample  distribution  of  a  soil  character- 
istic was  used  as  the  design  value. 

Technically,  the  grouping  layout  used  in  this  study 
is  known  as  either  a  one-way  classification  or  a  two-way 
classification.   The  mathematical  model  for  a  median  in  a 
one-way  classification  (Table  4-1)  is  expressed  as 

e^j  =  0  +  Tj  +  e^j,  i  =  1,  ...,  nj,  j  =  1,  ...,  k, 

Table  4-1  One-way  Classification  of  Soil  Variable  (Q^;) 

Soil  Groups 


^11      ^12  ®lk 

®21     ®22  ®2k 


n,  1     n«2  n,  k 

k 
Data:   The  data  consist  of  N  =  ^   n-  samples  with  n- 

samples  from  the  j-th  soil  group,  j  =  1,  ...,  k. 

where  9-.  is  the  overall  median,  t-  the  deviation  due  to  the 
effect  of  soil  group  j,  and  e--  the  random  error.   If 
T,  ~   "^2   ~    '■•  ~  ^k  ~  ^'  ^^^   deviations  between  the  medians 
of  the  k-group  soil  samples  are  due  only  to  the  random 
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errors.   However,  if  t.  f    T'+i,  then  9  •  •  t'  9 .  .      viz., 
the  deviation  between  the  medians  of  the  j-th  and  (j+l)-th 
soil  sample  groups  is  due  to  the  groupings.   The  test 
hypotheses  can  be  set  up  as  follows: 

H  :   The  medians  of  the  k  populations  are  equal. 

H .  :   At  least  one  of  the  populations  has  a  median 
different  from  the  others. 

In  the  following,  the  nonparame trie  sample  comparison 
methods,  such  as  the  median  test  (101),  the  Kolmogorov- 
Smirnov  two  sample  test  (42,  101),  the  Mann-Whitney 
U-Wilcoxon  rank  sum  W  test  (42,  101)  the  Wald-Wolf owitz 
run  test  (42,  101),  the  extended  median  test  (101),  and 
the  Kruskal-Wallis  one-way  analysis  of  variance  (ANOV) 
by  ranks  test  (42,  101),  are  employed  to  investigate  the 
group  effects  on  the  soil  characteristics.   For  the  details 
of  these  tests  refer  to  Bradley  (14),  Hollander  et  al  (42), 
and  Siegel  (101 ) . 

4. 2. a.  Topographic  Characteristics 
Versus  Physiographic  Regions 

Topographic  characteristics  were  grouped  according  to 
physiographic  regions.   The  test  results,  as  shown  in  Table 
C-1  to  C-14,  Appendix  C,  verify  that  the  topographic  fea- 
tures, such  as  the  ground  elevations  and  ground-water 
elevations,  vary  with  physiographic  regions.   These  test 
results,  together  with  the  numerical  information  of  topo- 
graphic characteristics  as  shown  in  Table  A-1-1  and  A-1-3 , 
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Appendix  A,  can  also  be  used  to  compare  the  overall  topo- 
graphic features  between  two  physiographic  regions.   For 
example,  Table  C-2  implies  that  the  median  of  ground  eleva- 
tions in  Tipton  Till  Plain  is  greater  than  that  of  Dearborn 
Upland.   This  is  further  confirmed  by  the  numerical  results 
as  shown  in  Table  A-I-1 ,  Appendix  A,  in  which  the  medians 
of  the  ground  elevations  of  the  Tipton  Till  Plain  and  Dear- 
born Upland  are  776.64  ft.  and  737.67  ft.  respectively. 
Table  A-I-1  also  shows  that  the  interquartile  range  (IR) 
of  the  Tipton  Till  Plain  is  129.03  ft.  and  that  of  the 
Dearborn  Upland  is  199.26  ft.   This  indicates  that  the 
general  topography  of  the  Dearborn  Upland  is  more  rugged 
than  that  of  the  Tipton  Till  Plain. 

Table  C-6  and  Table  A-I-1  also  indicate  that  the 
general  topography  of  the  Crawford  Upland  is  relatively 
more  elevated  and  rugged  than  that  of  the  Wabash  Lowland. 

It  is  emphasized  that  the  observations  of  topographic 
characteristics  are  not  uniformly  distributed  throughout 
a  physiographic  region.   The  soil  data  distribution  map 
(Figure  3-1)  should  be  consulted  before  attempting  any 
such  interpretations. 

4.2.b.  Remolded  Soil  Characteristics 
Versus  Physiographic  Regions 
and  AASHTO  Classifications 
As  mentioned  in  Section  3.3.1.b.  the  sample  distribu- 
tions of  remolded  soil  characteristics  were  studied  accord- 
ing to  AASHTO  classifications  for  each  physiographic 
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region.   Technically,  this  is  a  two-way  classification 
layout,  i.e.,  the  grouping  effects  are  due  to  a  combination 
of  AASHTO  classifications  and  physiographic  regions.   These 
may  be  investigated  by  first  examining  the  effects  of  physio- 
graphic regions,  followed  by  an  examination  of  the  effects 
of  AASHTO  classifications.   The  test  results,  as  shown  in 
Tables  C-15  to  C-2i+,  indicate  that  the  remolded  soil  char- 
acteristics vary  with  either  grouping  unit,  as  exemplified 

by  maximum  dry  density  (p,     )  and  optimum  moisture  con- 

d  max 

tent  (OMC).   Therefore,  it  is  reasonable  to  use  these 

grouping  units. 

The  results  in  Tables  C-l6*  and  C-21*  imply  that: 

the  median  of  p^     of  A-U  soils  >  the  median  of  p, 

d  max  "^d  max 

of  A-6  soils  >  the  median  of  p,     of  A-7-6  soils;  and 

d  max  ' 

the  median  of  OMC  of  A-T-6  soils  >  the  median  of  OMC  of 

A-6  soils  >  the  median  of  OMC  of  A-U  soils.   The  more 

plastic  soils  have  lower  p,     and  higher  OMC  values. 

d  max 

These  facts  are  fixrther  verified  by  use  of  the  two-sample 
comijarison  tests,  as  shown  in  Tables  C-17  to  C-19  and 
Tables  C-2.:  to  C-2i+,  and  the  numerical  results  in  Tables 
A-II-1  to  A-II-36. 

U.2.C.   Soil  Characteristics  Versus 
Soil  Associations 
The  layout  for  the  generation  of  a  statistical  soil 
profile  involves  a  breakdown  of  the  data  for  each  soil 
characteristic  by  physiographic  regions,  and  then  by  soil 


*  The  reader  will  need  to  use  the  code  on  page  k60   to  interpret 
these  tables. 
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associations.   I'Unally  they  are  grouped  into  proper  layer 
systems.   The  test  results,  as  illustrated  in  Tables  C-25 
and  C-26,  show  that  there  are  differences  of  soil  character- 
istics for  the  groups  of  soil  associations,  as  exemplified 
by  natural  dry  density  Cp j )  and  unconfined  compressive 
strength  (q  ).   However,  due  to  the  wide  scatter  of  sample 
frequencies  among  cells,  i.e.,  soil  associations  units, 
further  verification  is  required. 

Tables  C-29  and  C-30  indicate  that  the  natural  dry 
density  (p,)  does  not  vary  significantly  either  within  the 
group  of  soil  associations  coded  as  3,  h,    ^   and  9  or  within 
the  group  of  soil  associations  coded  as  105,  106,  and  107. 
This  may  mean  either  that:   (l)  the  grouping  unit  is  too 
refined,  or  (2)  the  grouping  unit  is  not  refined  enough. 
In  the  latter  case  a  subgrouping  unit,  soil  series,  should 
be  perhaps  consulted.   This  subject  needs  further  research. 

U.2.d.   Soil  Series  as  a  Grouping  Unit 
Tables  C-31  and  C-32  show  the  multiple  comparison 
tests  of  soil  characteristics  versus  soil  series,  as  ex- 
emplified by  p  and  q  .   The  wide  scatter  and  the  shortage 
of  data  can  be  seen  from  these  two  tables.   In  spite  of 
the  small  sample  sizes  of  soil  characteristics,  the  com- 
parison tests  were  made.   Tables  C-33  through  C-35 
indicate  that  the  soil  characteristics  do  not  vary  signifi- 
cantly with  soil  series.   Therefore,  the  soil  series  as  a 
grouping  unit  is  indicated  to  be  no  better  than  the  soil 
association.   Further  study  would  be  required  to  establish 
this  as  a  firm  conclusion. 
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4.3.  Regression  Models 
and  Correlations 
Regression  models  were  used  to  correlate  the  soil 
design  parameters,  such  as  those  of  compaction,  consolida- 
tion, and  strength,  with  index  properties.   In  Appendix  A 
each  regression  equation  is  represented,  together  with  its 
correlation  coefficient  (R)  or  multiple  correlation  coef- 
ficient (|R|),  standard  deviation  (or  error)  of  estimate 
(s.d.  of  est.),  and  the  number  of  cases  (n)  .   The  (s.d.  of 
est.)  is  important,  as  it  represents  the  variation   of 
estimate  (y),  viz.  68%  of  sample  observations  (y)  fall  in 
the  range  of  y  -  (s.d,  of  est.)  and  y  +  (s.d.  of  est.). 
Specific  results  are  presented  below. 

4. 3. a.  Compaction  Parameters 

The  correlations  of  maximum  dry  density  (p,     )  and 

■'  -^  ^"^d  max^ 

optimum  moisture  content  (OMC)  versus  plasticity  charac- 
teristics, as  shown  in  Appendix  A,  indicate  that  as  the 
liquid  limit  or  plastic  limit  increases,  the  OMC  increases 

but  p,     decreases.   Also,  as  the  OMC  increases,  the 
Q  max  '  ' 

Pj     decreases.   The  explanation  of  these  correlations 
a  max  ^ 

has  been  previously  discussed  in  Section  2.2.2. a  . 

The  CBR  value  is  regarded  as  an  indirect  measure  of 
strength  of  compacted  soil.   The  strength  of  a  standard 
compacted  soil  is  a  function  of  its   (maximum)  dry  density 
and  (optimum)  moisture  content  as  proposed  by  Jorgenson 
(47)  and  Weitzel  (120).   Accordingly,  the  CBR  value  is  a 
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function  of  plastic  characteristics  which  is  evidenced  by 
the  regression  equation  for  CBR  at  100%  maximum  dry  density 
as  shown  in  Appendix  A-IV.   A  relationship  between  CBR 
values  at  100%  and  95%  maximum  dry  densities  is  also  devel- 
oped and  presented  in  Appendix  A. 

4.3.b.  Consolidation  Parameters 
It  is  found  (Appendix  A-IV)  that  the  compression  index 
(C  )  increases  with  either  liquid  limit  (w. ) ,  or  natural 
moisture  content  (w  ) ,  or  initial  void  ratio  (e  ).   The 

mathematical  relationship  between  compression  ratio  (C)  and 

r 

compression    index    (C_)    is    C    =  -n^        or   C      =    (1    +   e    )    C'. 
■^  c'  rl+e  c  or 

o 

The  quantity  of  C'  is  a  linear  function  of  e   as  shown  in 
^      -^      r  o 

2 

Appendix  A.   Therefore,  the  C   is  a  function  of  (C) 

which  is  verified  by  the  relationship  C^,  =  0.0844  +  9.121 

2 
(C')  ,  as  shown  in  Appendix  A-IV. 

The  recompression  index  (C  )  is  a  rebound  parameter 

of  a  clay  soil.   In  practice  it  is  usually  taken  as  a 

fraction  of  C  .   In  this  study  it  is  found  that  C  = 

A  +  B  C   where  A  is  -  0.00327.   The  standard  deviation 
c 

of  A  is  0.00199,  B  is  0.139,  and  the  standard  deviation 
of  B  is  0.00726.  Therefore,  with  95%  confidence  the  C^. 
will  lie  in  the  range  of,  approximately,  -^ — r  C  and  ^  C 
for  Indiana  soils. 

As  mentioned  in  Section  2.2.1.  c   the  preconsolidation 
pressure  (p  )  was  correlated  with  liquidity  index  (LI). 
Figure  4.1  shows  the  scatter  in  this  relationship.   In  the 
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presentation  of  the  data,  the  solid  line  represents  the  best 
fit  line  while  the  dashed  lines  define  the  boundaries  of  95% 
population  confidence  interval.   Therefore , this  correlation 
is  not  a  strong  one  for  Indiana  soils.   A  regression  equa- 
tion was  developed  for  p   (Appendix  A-IV) ,  which  shows  the 
functional  relationship  of  p   versus  moisture  content, 
initial  void  ratio,  and  natural  dry  density.   Again,  the 
scatter  in  the  data  is  quite  large,  as  indicated  by  a  large 
standard  deviation  of  estimate  and  the  scatter  plot  of 
measured  p   versus  predicted  p   (p  )  as  shown  in  Figure 
4-2.   A  part  of  the  difficulty  may  lie  in  determining 
accurate  preconsolidation  pressures  from  consolidation 
tests  conducted  in  the  standard  way. 

4.3.C.  Strength  Parameters 
As  mentioned  in  Section  2.2.3, c   there  were  many 
qualifications  to  the  relationships  between  effective 
strength  angle  and  cohesion  intercept  versus  the  plasticity 
characteristics.   Figures  4-3  to  4-6  show  no  definite 
correlation  of  strength  angle  or  cohesion  intercept  with 
plasticity  characteristics  for  either  unconsolidated  un- 
drained,  consolidated  undrained  (unsaturated),  or  con- 
solidated undrained  (saturated)  tests. 

Figures  4-7  through  4-9  show  that  as  the  log  of  the 
unconfined  compressive  strength  (q  )  increases,  the 
natural  dry  density  increases  but  the  natural  moisture 
content  and  the  liquidity  index  decrease.   In  the 
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from  Indiana  Geotechnical  Bank). 
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presentation  of  the  data,  the  solid  line  represents  the 
best  fit  line  while  the  dashed  lines  define  the  boundary 
or  95%  population  confidence  interval.   Since  the  scatter 
in  the  data  is  quite  large,  these  relationships  are  qual- 
itative rather  than  quantitative. 

The  limit  limit  (w^ )  is  found  to  be  a  function  of 

natural  moisture  content  (w  ),  SPT,  and  location  factors, 

n      ' 

i.e.,  physiographic  regions  (x's)  and  parent  material  (z's) 
as  shown  in  Appendix  A.   The  equation  may  be  approximately 
written  as 

w,  =  48  +  0.50  w   -  10  log,„SPT  +  .050  w   log,„SPT 
+  x's  +  z's 
=  w   -  0.50  w   -  10  log.^SFT  +  0.50  w   Ior.^SPT  +  48 


n         n 
+  x's  +  z's 


■10 


n 


10' 


=  w  -  0.50  w   log,„10  +  0.50  w  log,„SPT 
n         n    ^10  n   '^10 

-  log,QSPT  +  log^QlO  +  38  +  x's  +  z's 

=  w^  +  0.50  w^  (log^QSPT  -  log^QlO)  -  10  (log^QSPT 

-  logjQlO)  +  38  +  x's  +  z's 

=  w^  +  (0.50  w^  -  10)  (log^Q  ^^)    +  38  +  x's  +  z's. 

It  can  be  seen  that  as  the  natural  moisture  content  (w  )  = 

^  n^ 

20(%) ,  the  liquid  limit  of  the  soil  is  simply  equal  to  58 

+  x's  +  z's.   For  exam^ple,  for  the  association  Miami-Russell- 

Fincastle  in  Tippecanoe  County,  x,  (Tipton  Till  Plain)  =  1, 


=  X, ,  =0,  Zq  =  1 ,  and  z,  = 


=    z^    =    Zg    = 


...  =  z^^  =  0,  w^  =  58  -  19.323  +  23.069  =  61.746(%)  at 

w^  =  20(%),  68(%)  of  the  samples  lie  within  61.746  -  19.503 

=  42.243  (%)  and  61.746  +  19.503  =  81.249(%). 


112 


Figures  4-10  and  4-11  show  the  plots  of  unconfined 
compressive  strength  (q  )  versus  SPT  and  the  strength 
angle  (tt))  versus  SPT,  respectively.   In  the  presentation 
of  the  data,  the  solid  line  represents  the  best  fit  line 
while  the  dashed  lines  define  the  boundaries  of  95% 
population  confidence  interval.   Since  the  scatter  is 
large,  no  reliable  predictions  can  be  made. 
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CHAPTER  5  APPLICATIONS 

5 . 1  Topographic  Features 
It  is  important  to  define  the  general  topographic 
features  of  the  area  of  interest  before  attempting  any 
preliminary  design.   The  topographic  features  include  the 
ground  elevation,  water  depth  with  relation  to  ground 
elevation,  slope,  and  the  depth  to  bedrock.   Some  of  these 
can  be  inferred  from  the  statistical  soil  profiles  (Ap- 
pendix A-lII) .   However,  due  to  the  variation  of  topography 
with  location  either  routine  data  retrieval  or  reference  to 
the  Soil  Survey  Manuals  (107)  may  be  more  helpful. 

5 . 2  Shallow  Foundations 
The  design  of  a  foundation  unit  usually  requires  that 
both  bearing  capacity  and  settlement  be  checked. 

5. 2. a  Bearing  Capacity 
In  order  to  determine  the  bearing  capacity  of  both 
cohesive  (silty  clay,  clay)  and  cohesionless  (sand)  soils 
the  strength  parameters  within  the  depth  of  influence  of 
the  footing  are  required.   The  general  bearing  capacity 
equation  contains  the  variables  of  size  of  the  footing, 
density  of  the  soil,  depth  of  the  footing,  strength  angle, 
and  cohesion  of  the  soil.   The  density,  strength  angle. 
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and  cohesion  can  be  estimated  either  directly  from  the 
statistical  soil  profiles  or  from  the  routine  retrieval  of 
data . 

For  many  locations  in  the  state,  the  ground  water  table 
is  at  a  shallow  depth,  viz.,  a  few  feet,  as  shown  in  Appendix 
A-I  and  A-III.   Therefore,  the  soils  may  often  be  assumed  to 
be  saturated.   For  cohesive  soils  the  undrained  shear 
strength,  c  -  -j  ^      (unconfined  compressive  strength),  may 
be  used.   The  q   can  be  obtained  either  from  the  appropriate 
statistical  soil  profiles,  from  the  regression  equation 
based  upon  the  index  properties,  as  shown  in  Appendix  A-IV, 
or  from  routine  retrieval  of  data. 

The  allowable  bearing  pressure  in  sands  can  be  roughly 
estimated  by  using  the  SPT  results.   For  details  of  the 
procedures  refer  to  Peck,  et  al  (80).   The  distribution  of 
SPT  versus  depth  for  the  area  of  interest  can  be  obtained 
either  from  the  statistical  soil  profiles  or  from  data 
retrieval . 

5.2.b  Settlement 
The  consolidation  settlement  of  cohesive  soil  is 
normally  calculated  using  the  following  soil  parameters: 
the  initial  void  ratio,  overburden  pressure,  compressive 
index,  recompression  index,  and  preconsolidation  pressure. 
The  initial  void  ratio  and  the  overburden  pressure  are 
relatively  easy  to  measure  or  estimate.   The  other  soil 
parameters  can  be  evaluated  by  using  the  regression 
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equations  shown  in  Appendix  A-IV.   The  preconsolidation 
pressure  can  also  be  roughly  estimated  from  either  the 
statistical  soil  profiles  or  from  direct  data  retrieval. 

The  settlement  of  cohesionless  soil  can  be  estimated 
by  ritipiri  L'.-i.il.y  u:;in/;;  I'.I'T  ru:;id.L;j .   l''or  dot.-ii];.;  rcrcr  to 
Terzaghi  and  Peck  (ll3),  Meyerhof  (6U)  and  Peck  et  al  (80). 

5 . 3  Pile  Foundations 

The  depth  to  bedrock  can  be  retrieved  from  the  data 
bank  or  estimated  by  consulting  Soil  Survey  Manuals  (lOj) 
for  the  area  of  interest. 

The  geometry  of  the  pile,  SPT  values  along  the  pile, 
density  of  the  soil,  and  the  strength  angle  which  is  used 
to  determine  the  bearing  capacity  coefficient  are  required 
to  predict  the  ultimate  bearing  capacity  of  a  single  pile 
in  granular  soils  by  the  so-called  "theoretical  method" 
(6U,  7M. 

The  ultimate  bearing  capacity  of  a  single  pile  in  clay 
can  be  estimated  by  the  size  of  the  pile  shaft  and  the  ad- 
hesion strength,  which  is  correlated  with  the  undrained 
shear  strength  of  the  soil  (7^). 

The  density,  SPT,  strength  angle,  and  the  undrained 
shear  strength  (half  of  unconfined  compressive  strength)  can 
be  obtained  from  either  the  correlations  presentea  in  this 
work  or  by  data  retrieval. 
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5.4  Cut  Slopes 
In  addition  to  the  information  of  topography  and  soil 
identification,  the  strength  parameters,  such  as  the  uncon- 
fined  compressive  strength,  cohesion,  and  strength  angle, 
are  required  for  the  analyses  of  slope  stability.   A 
variety  of  methods  can  then  be  applied  to  the  problems  using 
proper  sets  of  strength  parameters.   For  details  of  these 
methods  refer  to  Taylor  (111),  Terzaghi  and  Peck  (113),  and 
Chowdhury  (19). 

5 . 5  Excavations  and  Retaining  Structures 
The  active  and  passive  earth  pressure  coefficients 
may  be  estimated  by  using  the  geometry  of  backfills  and  re- 
taining structures,  and  the  appropriate  strength  parameters. 
For  details  of  analyses  refer  the  NRCC  (74),  Tschebotariof f 
(117)  ,  and  U.S.  Navy  (118) . 

5.6  Compaction  Requirements  for  Embankments 
The  index  properties  of  soils  can  be  used  as  guidelines 
for  the  suitability  of  excavation  or  borrow  materials.   The 
control  compaction  parameters,  such  as  maximum  dry  density 
and  optimum  moisture  content,  are  needed  for  the  design  and 
construction  of  embankments.   They  can  be  evaluated  for  a 
given  soil  by  using  the  existing  results  and  regression 
equations  as  shown  in  Appendices  A-II,  A-lII,  and  A-IV. 
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5 . 7  Pavements 
For  the  design  of  roadway  pavement  the  existing  results 
as  represented  in  this  work  and  in  the  data  bank  can  provide  the 
following  information:   the  topography  of  the  area  of  interest, 
soil  classification,  compaction  parameters,  i.e.,  maximum 
dry  density,  optimum  moisture  content,  and  the  soaked  CBR 
values  of  the  subgrade  material  at  either  100%  of  maximum  dry 
density  or  95%  maximum  dry  density.   With  this  information, 
the  corresponding  R-value,  bearing  value,  and  the  modulus  of 
subgrade  reaction  can  be  estimated  by  using  the  chart  devel- 
oped by  the  Portland  Cement  Association  (PCA)  (83).   Provid- 
ing the  traffic  information  is  known,  either  the  flexible 
(asphalt)  or  the  rigid  (concrete)  pavement  can  be  designed. 

5 . 8  Example  1 
The  following  example  is  to  illustrate  the  uses  of  the 
data  bank  for  a  typical  highway  project. 

5.8.1  Project  Identification 
There  is  to  be  a  new  route  along  the  old  S.R.  912 
located  from  East  Chicago,  Lake  County,  Indiana  to  Chicago, 
Illinois  in  the  area  of  R9W  and  T37N.   The  geotechnical  works 
involve:   one  bridge,  with  five  spans  ranging  in  length  from 
?0  ft.  to  100  ft.,  one  embankment  of  30  ft.  height,  and  5 
retaining  walls  to  be  constructed  along  the  route.   The 
length  of  the  highway  is  approximately  3.5  miles.   Ten  cuts 
are  also  along  the  route.   It  is  desirable  to  have  the 
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geotechnical  information  in  this  area  for  preliminary 
considerations . 

5.8.2  General  Scope  of  Procedures 
The  use  of  the  Indiana  geotechnical  data  bank  aids  in 
the  preliminary  phases  of  design  and  construction  of  the 
project.   To  accomplish  this  purpose, the  investigation  is 
divided  in  the  following  parts: 

(1)  determination  of  the  soil  types  and  topography 
within  the  area; 

(2)  determination  of  the  strength  and  other  engineer- 
ing characteristics  of  these  soils; 

(3)  recommendations  to  aid  the  subsurface  investiga- 
tion program; 

(4)  recommendations  to  aid  design  and  construction  of 
the  proposed  highway. 

5.8.3  Determination  of  the  Soil  Types 
Physiographically ,  the  site  is  located  within  the 
Calumet  Lacustrine  Plain  of  the  Northern  Lake  and  Moraine 
Region.   The  soil  association  is  Oakville-Plainf ield-Adrian . 
The  distributions  of  ground  elevation  and  the  water  depth 
with  relation  to  ground  elevation  were  examined.   It  was 
found  that  the  mean  of  the  ground  elevations  was  588  ft., 
its  s.d.  was  3.87  ft.;  the  median  was  589  ft.  and  I.R. 
was  3.55  ft.   Therefore,  no  appreciable  topographic   relief 
was  found.   The  ground  water  elevation  was  rather  level 
with  median  of  6.20  ft.  and  I.R.  of  2.5  ft.   According  to 
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the  geological  maps  prepared  by  the  Indiana  Geological 
Survey,  the  bedrock  (limestone)  is  generally  at  depths 
ranging  between  100  and  150  ft. 

The  distributions  of  textures  of  soils  versus  depth 
for  each  section  along  the  route  were  then  examined.  The 
subsurface  investigation  revealed  a  relatively  uniform 
soil  profile.  Beneath  the  ground  surface  there  existed  a 
sandy  deposit  approximately  32  feet  thick  with  occasional 
silty  sand  deposits  and  gravelly  channels  at  random  loca- 
tions. Surface  drainage  at  this  area  was  good  due  to  the 
granular  nature  of  the  soils. 

Beneath  the  sand,  starting  at  approximately  El  557 
was  a  stiff  plastic  clay.   This  clay  extended  approximately 
55  ft.  (to  El  502)  and  was  underlain  by  a  much  stiffer  and 
less  plastic  clay  (hard  pan)  (Figures  5-1  to  5-4). 

5.8.4  Determination  of  the  Engineering 
and  Strength  Characteristics 

The  data  search  program  was  next  directed  toward  the 
determination  of  the  engineering  and  strength  characteristics 
of  the  various  soils  encountered  in  this  project.   Results 
are  illustrated  in  Figures  5-1  to  5-4  and  tabulated  in  Table 
5-1   Further  details  of  the  computer  programs  have  been 
included  in  the  Appendix  B-2 . 

The  results  of  consolidation  tests  for  clay  samples 
were  examined.   No  substantial  preconsolidation  is  apparent. 
The  clay  exhibits  a  decrease  in  plasticity  with  depth,  with 
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Figure  5-1  Water  Content  vs  Depth,  Fast  Chicago 
(Data  from  Indiana  Geotechnical  Data 
Bank) 


123 


NATURAL  DRY  DENSITY  (pcf) 


70 


(EL  589) 


28  + 
32 


UJ 
UJ 


X 

»- 

Q. 
Ul 
Q 


56-- 


SAND 
(A-2-4,  A-3) 


STIFF 

CLAY 

(A-6) 


84 

87 
(EL.  502) 


112 


140 


HARDPAN 
(A-4,   A-6) 


90 

— I- 


110 


XX  X 


-^  X         XX 
X  X 

xxx 
xx  XX 

x>^ 

X  X 

X        X 
X  X       X 


130 


X       >x 

X 


Figure  5-2   Natural  Dry  Density  vs  Depth,  East 

Chicago,  ("Data  from  Indiana  Geotechnical 
Data  Bank) 
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a  sharp  drop  in  plasticity  at  approximately  elevation  502 
feet  (Figure  5-1). 

5.8.5  Recommendations  for  Preliminary  Design 

5. 8. 5. a  Highway  Embankment.   For  the  areas  where  the 
highway  or  access  ramps  will  be  on  fill,  standard  design 
and  construction  procedures,  which  include  compaction  re- 
quirements, topsoil  stripping,  and  undercutting  existing 
loose  fill,  are  considered  satisfactory.   It  is  recommended 
that  standard  embankment  slopes  be  used  for  the  project. 
The  embankment  slopes  will  not  be  steeper  than  3  horizontal 
to  1  vertical  (except  at  end  bents  where  the  slopes  will  be 
2  horizontal  to  1  vertical). 

In  some  areas,  the  fill  may  be  retained  by  retaining 
walls.   The  recommendations  with  respect  to  design  of  the 
retaining  walls  are  discussed  in  Section  5.8.5.d. 

The  values  of  compaction  parameters  listed  in  Table 
5-1  are  recommended  for  preliminary  design.   It  is  pre- 
dicted that  P,^,^  =  101  pcf,  and  CMC  =  15%. 
Qrna.x 

5.8,5.b  Settlement  of  Embankments.   Due  to  the  lack  of 
apparent  preconsolidation  of  the  foundation  clay  layer, 
settlement  analysis  should  be  performed  on  the  assumption 
that  it  is  normally  consolidated. 

It  is  recommended  that  the  55  ft.  thick  compressible 

stratum  from  32  ft.  to  87  ft.  be  divided  into  three  layers: 

e^  =  0.680,  C^  =  0.197,  C^  =  0.031,  and  c   =  1.47  ft^/mth 

for  the  layer  from  32  ft.  to  50  ft.;  e   =  0.785,  C   = 

o        '   c 
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0.244,  Cj.  =  0.077,  and  c^  -  1.47  ft^/mth  for  the  layer  from 

50  ft.  to  68  ft.;  and  e^  =  0.690,  C   =  0.173,  C   =  0.099, 

2 
and  c   =  1.47  ft  /mth  for  the  layer  from  68  ft.  to  87  ft. 

5.8.5.C  Bridge  Foundations.   Both  possibilities  of 
using  shallow  spread  footings  and  deep  foundations  should 
be  studied.   If  excessive  total  settlement  and/or  intolerable 
differential  settlement  are  found  for  shallow  spread  foot- 
ings, the  deep  foundations  are  recommended.   Consideration 
of  scour  may  also  require  deep  foundations.   Piles  bearing 
in  the  hardpan  encountered  at  about  El  492  are  recommended. 
If  the  end  bent  of  the  bridge  foundation  is  also  part  of 
the  retaining  wall  supporting  the  fill,  the  piles  should  be 
sleeved  at  least  down  to  El  502  to  minimize  downdrag  from 
negative  skin  friction  resulting  from  the  fill  settlements. 
If  the  shallow  spread  footings  are  applicable,  the  base 
should  be  located  at  a  depth  at  least  3.5  ft.  below  final 
grade  for  frost  protection. 

The  information  in  Figures  5-1  to  5- 4  and  Table  5-1 
serves  the  purpose  of  preliminary  design.   The  strength 
angle  is  predicted  to  be  24   and  the  strength  intercept  is 
100  psf. 

5.8.5.d   Retaining  Walls.   It  is  not  known  what  soils 
vill  be  used  for  backfill.   However,  it  is  assumed  that  the 
backfill  soils  will  be  clean  granular  materials.   The  base 
of  the  retaining  wall  should  be  located  at  a  depth  of  at 
least  3.5  ft.  below  final  grade  for  frost  protection.   The 
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base  strength  angle  is  predicted  to  be  24   and  the  cohesion 
is  100  psf. 

5.8.5.e  Ground  Water.   The  ground  water  elevation  ap- 
peared to  be  deep  enough  to  permit  footing  bottoms  to  be 
located  below  frost  depth  (3.5  feet)  without  going  below 
the  water  table.   If  the  ground  water  rises  (seasonal  varia- 
tion), the  footing  can  be  raised  to  avoid  dewatering  if  an 
earth  berm  is  placed  for  the  minimum  3.5  ft.  of  frost  cover. 
However,  if  the  footing  must  bear  below  the  water  table  for 
structural  reasons,  suitable  footing  drains  must  be 
employed . 

5.8.5.f  Piles,  Corrosion.   All  pH  tests  indicated  that 
the  soils  in  this  area  are  not  corrosive  to  concrete  and  steel, 

5.8.5.g  Others .   The  CBR  values  in  Table  5-1  seems  high, 
It  is  recommended  that  more  extensive  CBR  testing  be  per- 
formed for  subgrade  design.   If  piles  are  to  be  used  for 
bridge  piers,  it  is  recommended  that  several  pile  load  tests 
at  various  locations  along  the  bridge  be  performed  to  de- 
termine the  suitable  pile  capacities,  as  well  as  the  depths 
to  which  piles  must  be  driven  to  attain  the  desired  capacity. 

5.8.6  Recommendations  for 
Subsurface  Investigation  Program 
The  data  bank  is  not  able  to  precisely  locate  the 
position  in  which  the  samples  have  been  taken  in  the  pre- 
vious projects.   The  smallest  location  unit  is  the  section 
(one  square  mile  in  area).   Therefore,  only  general 
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recommendations  can  be  made  by  using  data  bank  as  follows. 
5. 8. 6. a  Recommendations  by  Using  Data  Bank 

1.  The  standard  drilling  equipment  for  making  borings  is 
assumed  to  be  used  for  this  project.   The  standard 
penetration  test  is  recommended  for  sand  and  clay.   The 
Shelby  tube  is  recommended  for  sampling  clay. 

2.  The  depths  of  the  standard  penetration  tests  for  the 
designs  of  bridge  and  wall  foundations  are  suggested  to 
be  150  ft.  and  32  ft,  respectively.   Eleven  standard 
penetration  tests  are  required  as  a  minimum.   Four 
intact  samples  at  the  depth  of  16  ft.  beneath  ground 
surface  at  each  bridge  pier  site  and  at  the  depth  of 

10  ft.  beneath  ground  surface  at  each  retaining  wall 
site  are  recommended. 

3.  Shelby  tubes  are  to  be  used  to  obtain  undisturbed  clay 
samples  at  the  site  of  embankment  at  the  depths  of, 
approximately  41  ft.,  59  ft.  and  78  ft.   The  depth  of 
the  boring  is  145  ft.  (hard  pan).   Five  samples  are 
collected  for  each  specific  depth. 

4.  The  pH  tests  are  recommended  to  be  performed  on  samples 
at  the  depths  of,  approximately,  16  ft.,  60  ft.  and 
100  ft.  at  each  bridge  pier  site. 

5.8.6.b  Other  Recommendations.   Indirect  recommenda- 
tions from  other  sources,  such  as  the  local  geological  infor- 
mation, the  "Requirements  for  Roadway  Soil  Survey"  by 
Indiana  State  Highway  Commission,  as  quoted  in  McKittrick 
(63),  etc.,  are  as  follows: 
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The  borings  are  located  alternatively  right  and  left 
on  the  roadway  ccnterline  at  300  ft.  spacings.   There- 
fore, 52  borings  are  required  along  the  highway.   The 
boring  depths  are  6  ft.  or  two  thirds  the  height  of 
the  fill  (whichever  is  greater).   Hand  borings  and 
truck  mounted  borings  with  split  spoon  sampling  are 
recommended . 

At  least  one  boring  should  encounter  rock,  cores  should 
be  obtained  for  a  depth  of  5  to  10  ft.  to  make  sure  that 
sound  bedrock  has  been  reached.   If  there  is  evidence 
of  solution  channels  or  deep  weathering,  the  cores 
should  be  continued  into  sound  rock.   The  depth  of  rock 
core  boring  is  estimated  to  be  160  ft. 

Where  possible,  ground  water  observation  should  be  made 
at  the  time  the  borings  are  completed  and  twenty-four 
hours  afterwards. 

Routine  classification  tests,  such  as  grain  size  distri- 
bution and  Atterberg  limits,  should  be  conducted  on 
samples  of  each  stratum  encountered  on  the  project. 
Consolidation  and  unconsolidated  undrained  triaxial  tests 
are  performed  on  Shelby  tube  samples  for  the  analyses  of 
settlement  and  bearing  capacity  of  the  embankment  and 
other  structures. 

Compaction  and  CBR  tests  are  performed  in  cut  areas.   If 
the  local  materials  are  not  used  as  fill,  these  tests 
will  not  be  necessary,  but  will  still  be  run  on  borrow 
materials.   Ten  cut  areas  are  assumed  along  the  highway. 


133 


5.8.6.C  Conclus  ions 

1.  The  data  bank  can  give  a  general  impression  of  the  sub- 
surface materials  and  permit  prediction  of  efficient 
drilling  and  sampling  equipment. 

2.  Using  the  data  bank  the  number,  type  and  depths  of 
samples  can  be  better  estimated. 

3.  The  expected  values  from  testing  of  extracted  samples 
can  be  obtained  from  the  data  bank  and  used  in  quality 
control  for  the  actual  experimental  measurements. 

5.8.6.d  Summary .   The  quantity  estimates  of  the 
recommended  subsurface  investigation  program  are  shown  in 
Table  5-2. 

5.9  Example  2 
The  following  example  illustrates  how  state,  county, 
and  city  engineers  may  be  supplied  with  presumptive  CBR 
data  for  preliminary  pavement  designs  through  reference  to 
the  Indiana  data  bank. 

5. 9. a  Project  Identification 
There  is  to  be  a  new  route  located  in  the  north  of  the 
city  of  Evansville,  Vanderburg  County.   The  city  engineer 
needs  CBR  data  for  preliminary  pavement  design, 

5.9.b  General  Scope  of  Procedures 
The  compiled  results  of  the  Indiana  geotechnical  data 
bank  aid  in  the  preliminary  phase  of  pavement  design.   To 
accomplish  this  objective,  the  investigation  is  divided  into 
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Table  5-2   The  quantity  estimates  of  the  recommended 
subsurface  investigation  program 


Borings  and  Sampling 


Qty. 


Hand  borings  372  Lft 

Truck  mounted  borings  1205  Lft 
with  split  spoon  sampling 

Truck  mounted  rock  core  160  Lft 

borings 

3-in  undisturbed  samples  15  Ea . 


Split  spoon  samples  44  Ea . 

Laboratory  testings 

Grain  size  distribution 

Liquid  limit 

Plastic  limit 

Natural  moisture  content 

Consolidation  test 

Unconsolidated  undrained 
triaxial  test 

pH  test 
CMC  test- 
Maximum  dry  density  test" 
CBR  test-"' 

Bridge  foundation  soil 
analysis  and  recommendation 

"If  excavation  materials  are  not  used  as  fill,  these  tests 
will  be  performed  in  different  quantities. 


62 

Ea. 

62 

Ea. 

62 

Ea. 

72 

Ea. 

3 

Ea. 

14 

Ea. 

18 

Ea. 

10 

Ea. 

10 

Ea. 

10 

Ea . 

6 

Ea. 

Table  5-2   (continued) 
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Embankment  settlement 
analys  is 

Stability  analysis  of  retaining 
walls 

Soils  report 

Resident  soils  engineers 


1  Ea 


5  Ea 


LS 

Ea 
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two  parts : 

(1)  determination  of  the  soil  types  and  their  cor- 
responding CBR  values  within  the  area; 

(2)  recommendation  of  preliminary  design  CBR  values. 

5.9.C  Determination  of  the  Soil  Types 
and  Their  Corresponding   CBR  Values 
The  soil  association  was  found  to  be  McGary  in  the 
Wabash  Lowland.   From  an  examination  of  its  statistical 
soil  profile  (Table  A-III-23j  Appendix  A)  it  was  found  that 
the  texture  of  the  top  ten  feet  was  silty  clay  loam  (A-4j 
A-6 ,  A-7-6).   The  medians  of  soaked  CBR  at  100%  maximum  dry 
density  (CBR  SOI)  and  soaked  CBR  at  95%  maximum  dry  density 
(CBR  S02)  are  6.75  and  3.93  respectively.   In  order  to  con- 
firm the  resultSj  the  tables  of  remolded  soil  character- 
istics within  the  Wabash  Lowland  (Table  A-II-22  to  A-lI-24) 
were  then  examined.   It  was  found  that  for  A-4  soils  the 
medians  of  CBR  SOI  and  CBR  S02  were  10.00  and  5.60  respec- 
tively; for  A-6  soils  the  medians  of  CBR  SOI  and  CBR  S02 
were  7.25  and  4.47,  respectively;  and  for  A-7-6  soils  the 
medians  of  CBR  SOI  and  CBR  S02  were  5.80  and  4.00, 
respectively. 

5.9.d  Recommendation  of  the  Preliminary 
Design  CBR  Values 
With  this  information  it  is  recommended  that  the  CBR 
SOI  value  be  6.75  and  the  CBR  S02  value  be  3.92  as  the 
medians  are  used. 
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5.10  Example  3 
It  is  desired  to  predict  the  generalized  line  of 
optimums  for  Standard  AASHTO  laboratory  compaction  for  the 
soils  of  Indiana. 

5. 10. a  Procedures 

A  scatter  plot  of  p,     vs.  CMC  was  first  examined. 
^        dmax 

A  strong  curvilinear  trend  of  decreasing  p,    with  in- 
^  ^      dmax 

creasing  OMC  was  shown.   A  second  degree  polynomial  model 
was  used  for  best  fit. 

5. 10. b  Results 
The  equation  was  found  to  be 

P^j^^^(pcf)  =  150.667  -  3.016  OMC  +  0.0333  (OMC)^, 
for  which  |R|  =  0.906,  s.d.  of  est.  =  3.691,  and  No.  of 
cases  =  701.   The  scatter  plot  with  its  best-fit  line  is 
shown  in  Figure  5-5.   For  example,  if  OMC  =  16.00%, 
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CHAPTER  6  SUMMARY,  CONCLUSIONS 
AND  RECOMMENDATIONS 

6  . 1  Summary 
A  computerized,  data  storage  and  retrieval  system 
has  been  developed  for  the  State  of  Indiana.   Both  conven- 
tional and  nonparame trie  statistical  methods  have  been  em- 
ployed in  the  analysis  of  these  data.   The  studies  on  the 
topographic  characteristics  versus  physiographic  region 
(Appendix  A-1)  were  based  on  a  one-way  classification  lay- 
out.  The  results  give  a  general  impression  of  the  topo- 
graphic features  of  a  physiographic  region  and  can  be  used 
to  make  comparisons  of  overall  topographic  features  between 
any  two  such  regions.   The  methods  can  also  be  applied  to 
smaller  areas  if  topographic  data  are  adequately  distributed 
The  studies  on  the  remolded  soil  characteristics  versus 
physiographic  regions  and  AASHTO  classifications  (Appendix 
A-II)  were  based  on  a  two-way  classification  layout,  and 
show  the  relationships  on  a  regional  basis.   The  studies  on 
statistical  soil  profiles  (Appendix  A-III)  were  based  on  a 
factorial  experiment.   The  results  show  the  general  subsoil 
conditions  qualitatively  and  the  estimates  of  soil  character- 
istics quantitatively  with  depths  for  soil  associations  on 
a  regional  basis.   Finally,  the   regression  analysis 
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(Appendix  A-IV)  shows  the  functional  relationships  between 
design  parameters  and  index  properties. 

The  examples  shown  in  Chapter  5  illustrates  specific 
uses  of  the  geotechnical  data  bank. 

6. 2   Conclusions 

(a)  Topographic  features  vary  with  physiographic 
regions.   (Section  i+.2.a) 

(b)  The  remolded  soil  characteristics  can  be  evaluated 
and  contrasted  between  physiographic  regions  but 
also  within  AASHTO  classifications.   (Appendix 
A-II. ) 

(c)  The  distributional  data  confirm  that  the  more  plastic* 
soils  have  lower  maximum  dry  density  and  higher 
optimum  moisture  content  values  (Section  U.2.b). 

(d)  The  soil  association  is  the  most  refined  unit  for 
grouping  soils  to  generate  soil  profiles  at  the 
present  stage  of  study  (.Section  U.2.d). 

(e)  Statistical  regressions  show  that  as  the  liquid  limit 
or  plastic  limit  of  a  soil  increases,  the  optimum 
moisture  content  increases  but  maximum  dry  density 
decreases.   This  confirms  the  findings  of  earlier 
authors  (Section  i+.3.a  and  Appendix  A-IV). 

(f)  A  unique  relationship  exists  between  optimum  mois- 
ture content  and  maximum  dry  density  which  con- 
firms the  findings  of  earlier  authors  (Section 
i+.3.a  and  Appendix  A-IV) . 


Soils  with  higher  values  of  the  plasticity  index. 
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(g)  The  maximum  dry  density  is  not  significantly 

influenced  by  geological  factors  but  the  optimum 
moisture  content  is  (Appendix  A-IV) . 

(h)  The  CBR  value  is  a  function  of  plasticity  char- 
acteristics and  a  correlation  between  the  CBR  value 
at  100%  maximum  dry  density  and  the  CBR  value  at 
95%  maximum  dry  density  exists  which  confirm  the 
findings  of  earlier  authors  (Section  4. 3. a  and 
Appendix  A-IV) . 

(i)  Compression  index  (C  )  is  a  function  of  natural 

moisture  content,  initial  void  ratio,  and  liquid 

limit  and  is  significantly  influenced  by  geological 

factors,  which  confirms  the  findings  of  earlier 

authors.   With  95%  confidence  the  recompression 

index  (C  )  lies  in  the  range  of,  approximately, 

^J-P-   C   and  4  C   for  Indiana  soils  (Section  4.3.b 
6.5c     8c 

and  Appendix  A-IV) . 

(j)  The  preconsolidation  pressure  (p  )  is  a  function 
of  natural  water  content,  initial  void  ratio,  and 
natural  dry  density  and  is  significantly  influenced 
by  geological  factors.   But  the  scatter  in  the  data 
is  large  (Section  4.3.b  and  Appendix  A-IV). 

(k)  No  definite  correlation  of  strength  angle  and  co- 
hesion intercept  versus  plasticity  characteristics 
was  found  for  Indiana  soils  (Section  4.3.c). 


142 


(1)  Non-parametric  statistical  methods  are  preferred, 
as  opposed  to  conventional  statistical  methods, 
for  data  analyses  (Section  3. 3.1. a). 

(m)  The  data  bank  is  valuable  for  making  recommenda- 
tions for  preliminary  design  of  geotechnical  works 
(Chapter  5) . 

(n)  The  physiographic  region,  engineering  soil  classi- 
fication, soil   association,  and  a  combination  of 
them  were  used  as  grouping  units.   The  interquar- 
tile ranges  (IR's)  as  shown  in  Appendix  A-II  and 
A-IV  for  most  soil  characteristics  are  small  and 
tolerable.   In  other  words,  a  good  homogeneity 
of  soil  characteristics  is  evidenced  with  these 
groupings . 

(o)  It  is  emphasized  that  the  data  bank  is  not  pro- 
posed as  a  substitute  for  fuller  site  investiga- 
tion, sampling  and  testing,  but  as  a  framework 
against  which  various  test  results  can  be  judged 
for  their  consistency  and  reliability. 

6 . 3  Recommendations  for  Future  Research 
(a)  In  addition  to  displaying  the  distribution  of  each 
data  item  based  on  physiographic  region,  or  engi- 
neering soil  classification,  or  soil  association 
or  a  combination  of  them,  cluster  analysis  and 
principle  components  analysis  (23,  28,  68)  are 
recommended  for  future  research.   These  combine 
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the  characteristics  of  each  sample  into  a  general 
geotechnical  character  for  the  soil  and    group 
the  samples  into  similar  geotechnical  zones.   The 
proper  selection  of  soil  characteristics  will  play 
an  important  role  in  correctly  identifying  geo- 
technical zones. 

(b)  The  feasibility  of  adding  information  to  the 
existing  data  file  should  be  studied. 

(c)  The  feasibility  of  establishing  a  computerized 
geotechnical  information  library,  in  which  data 
sources  can  be  searched  and  attached  to  the  data 
bank,  should  be  studied.   The  data  sources  include 
more  subsurface  investigation  reports,  geological 
surveys,  agricultural  soil  surveys,  and  published 
relationships  among  soil  characteristics  in  the 
State  of  Indiana. 

(d)  The  feasibility  of  establishing  a  permanent 
facility  to  operate  and  maintain  the  data  bank 
and  to  provide  services  to  potential  users,  such 
as  private  consultants  and  contractors  should  be 
studied.   This  facility  would  keep  the  data  file 
current  and  would  make  revisions  of  existing  cor- 
relations and  regression  equations  among  soil 
characteristics. 
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A.   Compaction  parameters: 

1.   Maximum  dry  density  Co,     V 
d  max*^  • 

Pd  max  =  ^35.843  -  1.279  Wp  (in  pcf) 

=  2202.563  -  20.743  w^  (in  kg/m^) , 

for  which  R  =  -  0.692,  s.d.  of  est.  =  6.434,  and  n  =  601. 

Pd  max  =  128.338  -  0.463  w^  (in  pcf) 

=  2080.870  -  7.510  w^  (in  kg/m^) , 
for  which  R  =  0.744,  s.d.  of  est.  =  5.651,  and  n  =  601. 

^d  max^  142.888  -  0.554  w^  -  0.727  w^  +  0.00849  w, 

-  0.0900  silt  (in  pcf) 

=  2316.786  -  8.982  w  -  11.787  w  ^  ^  ,^^ 

L  p  +  0. 138  w  Wp 

-  1.459  silt  (in  kg/m"^)  , 

for  which  |R|  =  0.808,  s.d.  of  est.  =  4.994,  and  n  =  601. 
2 .   Optimum  moisture  content.  (CMC): 
OMC  =  4.464  +  0.619  w   (in  %), 
for  which  R  =  0.698,  s.d.  of  est.  =  2.905,  and  n  =  596. 

CMC  =  7.626  +  0.237  w^  (in  %) , 
for  which  R  =  0.794,  s.d.  of  est.  =  2.464,  and  n  =  596. 

OMC  =  7.457  =  0.0369  sand  +  0.0174  silt  +  0.171  w 
+  0.155  Wp  -  0.413  x^  -  0.401  X2  -  1.740  x- 
+  0.968  x^  -  0.409  x^  +  0.503  x^  -  0.186  x^ 
-  0.560  Xg  +  0.386  x^  -  0.463  x^q  -  0.752  x^j 
(in  %), 


L"P 
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for  which  |R|  =  0.843,  s.d.  of  est.  =  2.210,  and  n  =  596-''. 
"Note:   No  data  available  for  physiographic  region  of  Maumee 
Lacustrine  Section  (x,~), 

3 .  Maximum  dry  density  vs.  optimum  moisture  content: 
Pd  max  "  150.667  -  3.016  CMC  +  0.0333  (OMC)^, 

for  which  |R|  =  0.906,  s.d.  of  est.  =  3.691,  n  =  701. 

4.  CBR  at  100%  maximum  dry  density  (CBR  SOI): 

log  CBR  SOI  =  1.204  +  0.145  log  w^  -  0.137  log  PI 

-  0.149  (log  PI)  (log  w^)  -  0.0778  Zj  -  0.109  z^ 
+  0.112  Z3  -  0.0505  z^  -  0.0858  z   -  0.122  z, 

-  0.0575  z^  -  0.0633  Zg  -  0.0587  z^  -  0.105  z^q 

-  0.688  z^j , 

for  which  JR]  =  0.620,  s.d.  of  est.  =  0.166,  and  n  =  493, 

5 .  CBR  at  ] 00%  maximum  dry  density  (CBR  SOI)  vs.  CBR 
at  95%  maximum  dry  density  (CBR  S02): 

CBR  S02  =  1.339  +  0.433  CBR  SOI, 
for  which  R  =  0.851,  s.d.  of  est.  =  2.010,  and  n  =  553. 

CBR  502  =  0.051  +  0.667  CBR  SOI  -  0.00760  (CBR  SOl)^, 
for  which  |R|  =  0.864,  s.d.  of  est,  =  1.515,  and  n  =  553. 

B.   Consolidation  parameters: 
1.   Compression  index  (C  ): 

C^  =  0.00797  (w^  -  8.16), 

for  which  R  =  0.829,  s.d.  of  est.  =  0.116,  and  n  =  312. 

C^  =  0.0126  w  -  0.162, 

for  which  R  =  0.925,  s.d.  of  est.  =  0.112,  and  n  =  332. 
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C   =  0.496  e   -  0.195, 
c  o        ' 

for  which  R  =  0.873,  s.d.  of  est.  =  0.143,  and  n  =  335. 

C   =  -  0.151  +  0.00326  w   +  0.191  e   +  0.00325  w, 
c  n  o  L 

+  0.0162  x^  -  0.0110  X2  +  0.0208  x^  +  0.0296  x^ 

+  0.0120  x^  -  0.0110  x^  +  0.0365  x^  +  0.0351  Xg 

+  0.0646  Xg  +  0.0649  x^q  +  0.0594  x^^  -  0.0245  z^ 

-  0.0313  z^   -   0.00987  z^  -  0.0917  z^  -  0.121  z^ 

-  0.0292  z^  -  0.0667  Zg  +  0.00841  Zg  -  0.0418  z^q 

-  0.00884  z^^ , 

for  which  |R|  =  0.952,  s.d.  of  est.  =  0.0670,  and  n  =  302-'--. 

■'■'Note:   Note  data  available  for  physiographic  region  of 

Maumee  Lacustrine  Section  (J^io)  and  parent  material 

of  soils  formed  in  loamy  Wisconsin  age  glacial  till  (z,-) 

2.  Compression  ratio  (C): 

C  =  0.0125  +  0.152  e  , 
r  o ' 

for  which  R  =  0.704,  s.d.  of  est.  =  0.0448,  and'n  =  333. 

C  =  0.0249  +  0.003  w  , 
r  n 

for  which  R  +  0.701,  s.d.  of  est.  +  0.0361,  and  n  =  325. 

C^  =  0.0294  +  0.00238  w^, 
for  which  R  =  0.665,  s.d.  of  est.  =  0.0373,  and  n  =  309. 

3.  Compression  index  CC  ')    vs.  compression  ratio  (C): 

c r 

C  =  0.0844  +  9.121  (C)'^, 
for  which  |R|  =  0.948,  s.d.  of  est.  =  0.0928,  and  n  =  339. 

4.  Recompression  index  (C  )  vs.  compression  index  (C  ): 

Cj.  =  -  0.00327  +  0.139  C^ , 
for  which  R  =  0.743,  s.d.  of  est.  =  0.0173,  and  n  =  298. 
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5.   Prcconsolidation  pressure  (p  ): 

LI  =  0.770  -  0.115  log  p^  (Tsf), 
for  which  R  =  -  0.200,  s.d.  of  est.  =  0.554,  and  n  =  311. 
p^  =  107.928  -  144.156  log  w^  +  30.687  (log  w  )^ 
+  8.0064  (log  e^)^  -  3.443  (log  p^)"^ 
+  22.949  (log  w^)  (log  p^)  -  1.163  Xj 

-  1.336  X2  +  0.240  x^  -  0.932  x^^  -  1.297  x^ 

-  0.738  x^  -  0.872  x^  -  0.911  x^^  -  1.286  Xg 

+  0.195  x,j  (P   in  Tsf  and  pd  in  pcf) 

=  10340.00  -  13810.144  log  w  +  2939.315  (log  w„)^ 

'^  n  °     n 

+  767.013  (log  e^)2  -  330.318  (log  x^TZT^^ 
+  2198.514  (log  w^^)  (log  ^^^2U>  "  111-^15  x^ 

-  127.989  X2  +  22.992  x^  -  89.286  x^  -  124.253  x^ 

-  70.700  x^  -  83.538  x^  -  87.274  Xg  -  123.200  Xg 

3 

+  18.681  X,,  (P   m  kPa  and  p^  in  kg/m  ) , 

for  which  |R|  =  0.660,  s.d.  of  est,  =  705,  and  n  =  243.* 
"Note:   No  data  available  for  physiographic  regions  of 

Valparaiso  Moraine   and  Maumee  Lacustrine  Section. 

C.   Strength  parameters: 

1.   Unconfined  compressive  strength  (q  ): 


log  q   =  0.404  -  0.0205  w   (in  Tsf) 
'^  ^u  n  ^      ' 

=  2.385  -  0.0205  w   (in  kPa), 
for  which  R  =  -  0.500,  s.d.  of  est.  =  0.254,  and  n  =  1030. 

log  c[      =   -   1.554  +  0.0144  p^  (q^  in  Tsf  and  p^  in  pcf) 

=  0.427  +  8.881  X  lO"*^  p^  (q   in  kPa  and 

3 

p^  in  kg/m  ), 

for  which  R  =  0.522,  s.d.  of  est.  =  0.250,  and  n  =  1030. 
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log  Q^j  =  -  0.0425  -  0.264  LI  (in  Tsf) 
=  1 .940  -  0.264  LI  (in  kPa)  , 
for  which  R  =  -  0.366,  s.d.  of  est.  =  0.267,  and  n  =  992. 
log  a   =  -  1.101  -  0.00740  w  +  0.0112  p^ 

+  0.0000319  w^p^  -  0.0883  x^  -  0.0518  X2 

-  0.0224  X3  -  0.0553  x^  -  0.0568  x^ 

-  0.0440  Xg  -  0.0956  x^  -  0.0346  Xg 

-  0.0140  Xg  +  0.0724  x^^  +  0.172  z, 
+  0.0568  z^  +  0.109  z^  +  0.0612  z 
-0.163  z^  -  0.165  z^  +  0.0320  z, 

+  0.173  Zg  -  0.0133  zg  +  0.00343  z^^ 
+  0.0279  z^j  (q^  in  Tsf  and  p^  in  pcf) 
=  0.S80  -  0.00740  w^  +  6.910  x  lo"'^  p, 
+  1  .967  X  10"^  w^p^  -  0.0883  x^ 

-  0.0518  X2  -  0.0224  x^  -  0.553  x, 

-  0.0568  x^  -  0.0440  x^  -  0.0956  x^ 

-  0.0346  Xg  -  0.0140  x^  +  0.0724  x^^ 
+  0.0568  Z2  +  0.109  z^  +  0.0612  z, 

-  0.163  z^  -  0.165  Zg  +  0.0320  z 

+  0.173  Zg  -  0.0133  Zg  +  0.00343  z^q 
+   0.0279  z^j  (q^  in  kPa  and  p^  in  kg/n?) , 
for  which  |R|  =  0.570,  s.d.  of  est.  =  0.244,  and  n  =  1030. •-«• 
■•Note:   No  data  available  on  physiographic  regions  of 
Valparaiso  Moraine  (x^q)  and  Maumee  Lacustrine 
Section  (x, 2) . 
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Liquid  limit  vs.  SPT 

w,  =  47.946  +  0.495  w  -  9.931  log  SPT 
L  n  ° 

+  0.483  w^  log  SPT  -  19.323  x^  -  25.121  X2 


-  30.455  X, 


17.775  X,  -  28.875  x, 
4  5 


-  24.529  Xg  -  26.068  x^  -  26.272  Xg 


24.100  X, 


16.493  x^Q  -  37.182  x^^ 


+  9.104  z^  -  2.930  22  -  3.809  z^  -  0.378  z^ 


12,178  z, 


5.404  z. 


7.021  z-i    +  23.069  Zg 


■5   "•"""   6 
-  0.249  Zg  +  0.962  z^^  +  13.878  z^^  (in  %) , 

for  which  |R|  =  0.859,  s.d.  of  est.  =  19.503,  n  =  533. 

3.  Unconfined  compressive  strength  (q  )  vs.  SPT 
q   =  0.577  +  0.0265  SPT  (in  Tsf) 

=  55.277  +  2.539  SPT  (in  kPa), 
for  which  |R|  =  0.400,  s.d.  of  est.  =  0.567,  and  n  =  86. 

4.  Strength  angle  (Q  )  vs.  SPT 

<s)      =   26.052  -  0.743  SPT  (in  degree) 
for  which  |Rl  =  -  0.450,  s.d.  of  est.  =  5.357,  and  n  =  24, 
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APPENDIX  B:   CODING  SYSTEMS  AND 
COMPUTER  PROGRAMS 
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APPENDIX  B-1 


ERRATA  TO  THE  USER'S  MANUAL  OF  "THE 
DEVELOPMENT  OF  THE  COMPUTERIZED  GEO- 
TECHNICAL  DATA  BANK  FOR  THE  STATE  OF 
INDIANA"  BY  GARY  D.  GOLDBERG  (35) 


440 


(a)  The  following  coding  system  for  soil  association 
(ASSOC)  is  to  replace  the  system  as  described  in 
pp.  127-129,  Goldberg  (35) . 


VARIABLE  NAME 
CODE 


1. 

2. 

3. 

4. 

5. 

6, 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

Z.-T    . 

26. 

27. 

28. 

30. 

ASSOC 
DESCRIPTION 

Eel-Mart  ins ville-Gemesee 

Gene see-Ross -Shoals 

Wake land-Stendal-Hayraond-Bar tie 

Gene see-Shoals -Eel 

Haymond-Nol in-Pe  trol ia 

Genesee-Eel-S tendal-Pope 

Hun ting ton-Wheeling-Mark land 

Hun tington-Lind side 

Haymond-Wakeland 

Alida-Del  Rey-Whitaker 

Bono-Maumee-Warners 

Chelsea-Hillsdale-Oshtemo 

Conrad-Woo ten-Weiss 

Door-Tracy-Quinn 

Door-Lydick 

Elston-Wea 

Dubois-Otwell-Bartle 

Fox-Martinsville-Aluvi 

Fox-Nineveh-Ockley 

Fox-Rodman 

Ful ton-Rimer-Milf ord-Rensselaer 

Homer-Sebewa-Gilford 

Maumee-Gil ford-Rensselaer 

Maumee-Newton 

Mart ins ville-Bellmore-Fox 

Martinsville-Whi taker 

Maha la sville-Whi taker 

Milford-Montgomery-Rensselaer 
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VARIABLE  NAME 
CODE 


ASSOC  (continued) 
DESCRIPTION 


31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41  . 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51, 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
61. 
62. 
63. 


McGary 

Negley-Parke 

Oshtemo-Bronson 

Oakvi lie-Plain fie  Id-Adrian 

Oshtemo-Fox 

Ockley-Wes tland 

Ockley-Wea 

Ockley-Fox 

Plainf ield-Brems-Morrocco 

Plainf ield-Tyner-Oshtemo 

Plainfield-  Watseka 

Plainf ie Id-Chelsea 

Pat  ton-Hens haw 

Patton-Lyles-Henshaw 

Peoga-Bartle-Hosmer 

Parke-Miami-Negley 

Rensselaer-Montgomery 

Rensselaer-Darroch 

Rensselaer-Whi taker 

Vincennes-Zipp-Ross 

Volinia 

Wea-Crane 

Warsaw-Els  ton-Fox 

Westland-Sleeth 

Weinbach-Sciotoville 

Weinbach-Wheeling 

Crosier-Brooks  ton 

Brooks  ton-Ode  1 1-Corwin 

Blount-Morley-Pewamo 

Blount-Pewamo 

Riddles-Miami-Crosier 
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VARIABLE  NAME 
CODE 

64. 
65. 
66. 
67. 
69. 
70. 
71. 
72. 
73. 
74. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
95. 
96. 
98. 
99. 
100. 


ASSOC  (continued) 
DESCRIPTION 

Crosby-Brooks  ton 

Elliot  t-Ma  rkham-Pewamo 

Fincas tie-Rags dale-Brooks  ton 

Hoy tville-Nappanee 

Parr-Miami 

Parr-Corwin 

Randolph-Mil Isdale 

Reesvi lie-Rags dale 

Raub-Ragsdale 

Ragsdale-Sidell 

Russell -Hennepin 

Russell-Xenia 

Miami-Metea-Celina 

Miami-Owosso-Riddles 

Miami-Crosier-Me tea 

Miami-Russell-Fincas  tie 

Miami-Fox-Milton 

Miami-Crosby 

Miami-Hennepin 

Miami-Fox-Mart ins vi lie 

Morley-Blount 

Muskingum-Shadeland-High  Gap 

Odell-Chalmers 

Sidell-Parr 

Henne pin-Rodman 

Avonburg-Clermont 

Cincinnati -Hickory 

Cincinnati-Rossmoyne -Hickory 

Cincinnati-Ava 

Cine innati-Ava-Al ford 

Crider-Hagers town-Frederick 

C rider-Frederick 

Corydon-Weikert-Berks 
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VARIABLE  NAME 
CODE 

101. 
102. 
103. 
104. 
105. 
106. 
107. 
108. 
109. 
110. 
111. 
112. 
113. 
114. 
115. 
116. 


ASSOC  (continued) 
DESCRIPTION 

Fairmount-Switzerland 

Grayford 

Lawrence-Be dford-Crider 

Tilsit-Johnsburg 

Wells ton-Zanesvi lie-Berks 

Berks-Gilpin-Weikert 

Zanesville-Wells ton 

Mucks-Peats 

Alford 

Bloorafield-Prince ton-Ayrshire 

Hosmer 

Iva-Ava 

Hosmer-Cincinnati-Iva 

Lyles-Ayrsh ire-Prince  ton 

Prince  ton-Ay rshire-Bloomfie Id 

Princeton-Fox 
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(b)   The  following  listing  of  computer  program  is  to  replace 
the  Program  Number  3  as  described  in  pp.  152-160, 
Goldberg  (35) 


FILE  h'flME 
RUN  MAME 
UARIABLE  LIST 


IMPUT  MEDIUM 
INPUT  FORMAT 


UAR  LABELS 


PROG 

•**•****••  SOIL  DATA  FOR  THE  STATE  OF  INDIANA  ••»••.»••• 
COUNTY, HOLENO. SAMPNO, DISTRI , DATEYR, EATEMO. DATEDA, TOWN. TOUNDI, 
RANGE, RANGDI. SECTIO, PROJPR, PROJNO,  PROJPA, PROJMI , CONTPR, 
CONTNO, ROADPR, ROADNO, ROADSU, BORING, ASSOC, REPEAT, STATNO, OFFSET, 
OFFDIR, LINEl , LINES, SOURCE, SANPTY,  LABNO, GRDSUR, DEPTHT, 
DEPTHB, SPT, PHYSIO, SERIES, PARENT, HORIZO, SLOPE, EROSIO, BEDRKS, 
BEDRKB, WATERS, WATERC, WATERF, DRAIN. PERMEA. FLOOD, FROST, SHRINK, PH. 
GRADOl  TO  GRADIO. SAND, SILT, CLAY, COLL, LL. PL, PI, SL, LOSSIG? 
NATNC, NATWD, NATDD, SPECGR, TEXTUR, ORGANI , COLOR, TESTEF, NAXDD, 
MAXWD, OPTIMO, CBRUNl , CBRUN2, CBRSOl , CBRS02, OUSTR, AASHTOl , UNIFl , 
S^STA. TYPE, STRENGTH, STRAIN, CONFPRES, COHESION, ANGLE, POREPRES, 
MAJOR, EO, EF. SO, SF, PO. PC. CC, CR, CU 
SOILl 

\t^'/,^-°'Z^-2,'^^^-^'^><'^^-0'lX,F2.0,lK.F5.0,    1X.F2.0,  1X,F2.0, 

1X,F1.0,1X,F2.0,  1X,F1.0.1X,F2.0,1X.A3,   AS, A3.F3. 0, IX, A3, 

F5.0,  1X,A2,F3.0,A1,  IX, AS,  1X,F3.0,  1X,F1.0/ 

11X.F7.0,  1X,F4.0.  IX.Fl.O,  IX,  A8,A2,  1X,F2.0,  1X,F2.0,  IX.  AS. 

IX.FS.l,    1X,F4.1,  1X,F4.1,  1X,F2.0,  1X,F2.0,  1X,F4.0/ 

\l  //:°\h^'/J:°\h'^'/^-^'    IX'^i-O'  1X,F3.1,  1X.F4.1.  IX.FS.l. 

I^'^^i'  }^'l^'^'    IX.Fl.O.  IX.Fl.O,  1X,F1.0,  1X,F1.0,  1X,F1.0. 

1X.F2.0,  1X,F4.1,  1X,F4.1,  1X,F4.1,  1X,F4.1,  1X,F4.1/  IIX, 

^,t-l:    iX'f"''-!'  1X.F4.1,  1X.F4.1.  1X.F4.1.  1X.F4.1.  1X,F4.1. 

\^'J^:^:    ^X'^'^'^'    1X,F4.1,  1X,F4.1,  1X.F4.1.  IX.FS.l.  1X.F3.1/ 

fi  r=  A^',i^;^'*;^',i^;^'*-^*  IX'f'^.S,  1X,F2.0,  IX.Fl.O,  1X.F2.0. 

1X.F2.0,  1X,F4.1,  1X,F4.1,  1X,F3.1.  1X,F3.1,  1X,F3.1,  1X,F3.1, 

IX.FS.l,  1X.F4.2.F2.0,F2.0/  IIX  F4.2, 1X,F1 .0,3F4.2,F3.2, 

F3.1,2F4.2,1X,2F4.3.2F4.1,2F4.2,2F4.3,F4.2) 

COUNTY  COUNTY/HOLENO  HOLE  NUMBER/SAMPNO  SAMPLE  NUMBER/DATEYR  YEAR 

TAKEN  FROM  HOLE^-DATEMO  MONTH  TAKEN  FROM  HOLE/DATEDA  DAY  TAKEN  FR 

OM  HOLE/TOWN  TOWNSHIP/TOWNDI  TOWNSHIP-DIRECTION/RANGE  RANGE/ 

RANGDI  RANGE-DIRECTION/SECTIO  SECTION/ 

PROJPR  PROJECT  NUMBER-PREFIX/PROJNO  PROJECT  NUMBER/ 

PROJPA  PROJECT  NUMBER-PARENTHESIS/PROJMI  PROJECT  NUMBER-MILE/ 

CONTPR  CONTRACT  NUMBER-PREFIX/ 

CONTNO  CONTRACT  NUMBER/  DISTRI  DISTRICT/ 

ROADPR  ROAD  NUMBER-PREFIX/ROADNO  ROAD  NUMBER/ 

TION/'^  ^°^^   MUMBER-SUFFIX/BORING  BORING  NUMBER/ASSOC  SOIL  ASSOCIA 

STATNO  STATION  NUMBER/OFFSET  OFFSET/OFFDIR  OFFSET-DIRECTION/ 

LINEl  TO  LINE2=LINE  NUMBER/SOURCE  SOURCE  OF  INFORMATION/ 

SAMPTY  SAMPLE  TYPE/LABNO  LAB  NUMBER/ 

GRDSUR  GROUND  SURFACE  ELEUATION/DEPTHT  DEPTH  TO  TOP  OF  SAMPLE/ 

DEPTHB  DEPTH  TO  BOTTOM  OF  SAMPLE/PHYSIO  PHYSIOGRAPHIC  UNIT/ 

SPT  N  UALUE  OF  SPT/ 

SERIES  SOIL  SERIES  NAME/   PARENT  PARENT  MATERIAL/ 

n2no^^  n^o^^°"^   ^'-°^^  ^^°^^   '^'-ASS/   EROSIO  EROSION  CLASS/ 

St2^*^?.°^^™  ^°  BEDROCK-SOIL  SURUEY/   BEDRKB  DEPTH  TO  BEDROCK-BO 

RING  LOG/WATERS  DEPTH-SEASONAL  HIGH  WATER  TABLE-SOIL  SURUEY/ 

WATERC  WATER  DEPTH  AT  COMPLETION/WATERF  WATER  DEPTH  FINAL  OR  24  H 

OURS/DRAIN  NATURAL  SOIL  DRAINAGE/PERMEA  PERMEABILITY/ 

FLOOD  FLOODING  POTENTIAL/   FROST  POTENTIAL  FROST  ACTION/ 

SHRINK  SHRINK-SWELL  POTENTIAL/   PH  REACTION-PH/ 

GRADOl  PERCENT  PASSING  1  1-2/?:  SIEUE/ 

GRAD02  PERCENT  PASSING  i^^   SIEUE/ 
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GRftD03  PERCENT  PASSING  3-4?^^  SIEUE/ 

GRftD04  PERCENT  PASSING  1-2?^^   SIEUE/ 

GRAD05  PERCENT  PASSING  3-8?:?^  SIEUE/ 

GRADOB  PERCENT  PASSING  NO.  4  SIEUE/ 

GRAD07  PERCENT  PASSING  NO.  10  SIEUE/ 

GRAD08  PERCENT  PASSING  NO.  40  SIEUE/ 

GRADOS  PERCENT  PASSING  NO.  EOO  SIEUE/ 

GRADIO  PERCENT  PASSING  NO.  270   SIEUE/ 

SAND  PERCENT  SAND/ 

SILT  PERCENT  SILT/CLAY  PERCENT  CLAY/COLL  PERCENT  COLLOIDS/ 

LL  LIQUID  LIMIT/    PL  PLASTIC  LIMIT/   PI  PLASTICITY  INDEX/ 

SL  SHRINKAGE  LIMIT/    LOSSIG  LOSS  ON  IGNITION/ 

NATMC  NATURAL  MOISTURE  CONTENT/   NATWD  NATURAL  WET  DENSITY/ 

NATDD  NATURAL  DRY  DENSITY/   SPECGR  SPECIFIC  GRAUITY/ 

TEXTUR  TEXTURAL  CLASSIFICATION/   ORGANI  ORGANIC  CONTENT/ 

COLOR  COLOR/ 

TESTEF  TEST-EFFORT  IDENTIFIER/    MAXDD  MAXIMUM  DRY  DENSITY/ 

MAXUD  MAXIMUM  UET  DENSITY/    OPTIMC  OPTIMUM  MOISTURE  CONTENT/ 

CBRUNl  UNSOAKED  CBR-100  MAXDD/  CBRUN2  UNSOAKED  CBR-35  MAXDD/ 

CBRSOl  SOAKED  CBR-100  MftXDD/CBRSOS  SOAKED  CBR-35  MAXDD/ 

QUSTR  UNCONFINED  COMPRESSIUE  STRENGTH-TSF/ 

QUSTA  FAILURE  STRAIN-PERCENT/ 

TYPE  TYPE  OF  STRENGTH  TEST/STRENGTH  FAILURE  STRENGTH/ 

STRAIN  FAILURE  STRAIN/CONFPRES  CONFINING  PRESSURE/ 

ANGLE  FAILURE  ANGLE/POREPRES  PORE  PRESSURE  AT  FAILURE/MAJOR  MAJOR 

PRINCIPAL  STRESS/EO  INITIAL  UOID  RATIO/EF  FINAL  UOID  RATIO/SO  IN 

ITIAL  DEGREE  OF  SATURATION/SF  FINAL  DEGREE  OF  SATURATION/PO  OUERB 

URDEN  STRESS/PC  PRECONSOLIDATION  PRESSURE/CC  COMPRESSION  INDEX/ 

CR  RECOMPRESSION  INDEX/CU  COEFFICIENT  OF  CONSOLIDATION 

RECODE         AASHTOl.UNIFl  (BLANK=3939)/  SAND  (BLANK=933) 

UALUE  LABELS   COUNTY  (-0) UNKNOWN  (01) ADAMS  (02) ALLEN  (03) BARTHOLOMEW  (4)BENT0N 
(05)BLACKFORD  (OS)BOONE  (07)BROWN  (08)CARROLL  (03)CASS  (lO)CLARK 
(ll)CLAY  (12)CLINT0N  (13)CRAUF0RD  (14)DAUIESS  (15)DEARB0RN 
(IB)DECATUR  (17)DEKALB  (18)DELAWARE  (13)DUB0IS  (20)ELKHART 
(21)FAYETTE  (22)FL0YD  (23)F0UNTAIN  (24)FRANKLIN  (25)FULT0N 
(2B)GIBS0N  (27)GRANT  (28)GREENE  (29)HAMILT0n  C30)HftNC0CX 
(31)HARRIS0N  (32)HENDRICKS  (33)HENRY  (34)H0WARD  (35) HUNTINGTON 
(3B)JACKS0N  (37)JASPER  (38)JAY  (33) JEFFERSON  (40)JENNINGS 
(41) JOHNSON  (42)KN0X  (43)K0SCIUSK0  (44)LAGRANGE  (45)LAKE 
(4B)LAP0RTE  (47)LAWRENCE  (48)MADIS0N  (43)MARI0N  (50)NARSHALL 
(SDMARTIN  (52)MIAMI  (53)M0NR0E  (54) MONTGOMERY  (55)M0RGAN 
(56)NEWT0N  (57)N0BLE  (58)0HI0  (53)0RANGE  (GO)OWEN  (BDPARKE 
(B2)PERRY  (B3)PIKE  (B4)P0RTER  (E5)P0SEY  (BB)PULASKI  (B7)PUTNAM 
(S8)RAND0LPH  (G3)RIPLEY  (70)RUSH  (71)ST.  JOSEPH  (72)SC0TT 
(73)SHELBY  (74)SPENCER  (75)STARKE  (7B)STEUBEN  (77)SULLIUAN 
(78)SWIT2ERLAND  (73)TIPPECAN0E  (80)TIPTON  (SDUNION 
(82)UANDERBURGH  (83)UERMILLI0N  (84)UIG0  (85)WAEASH  (8B)WARREN 
(87)WARRICK  (88)WASHINGT0N  (83)WAYNE  (30)WELLS  (SDWHITE 
(32)WHITLEY  (33)STATE  OF  KENTUCKY/ 
DISTRI  (-O)UNKNOWN  ( DCRAWFORDSUILLE 

(2)F0RT  WAYNE  (3)GREENFIELD  (4)LAP0RTE  (5)SEYM0UR  (B)UINCENNES/ 
DATEMO  (-O)UNKNOWN  (Ol)JANUARY  (02)FEBRUARY  (03)MARCH  (04)APRIL 
(05) MAY  (OB) JUNE  (07) JULY  (08) AUGUST  (03) SEPTEMBER  (lO)OCTOBER 
(ll)NOUEMBER  ( 12) DECEMBER/ 
TOWNDI  (-0) UNKNOWN  (l)NORTH  (2)S0UTH/ 
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RPlMGDI  (-O)UriKNOWM  (DEAST  (2)WE5T/ 
ASSOC  (-O)UNKNOWM 

(1)  EEL-MARTINSU-GEISESSE  (2)  GEIHESEE-RDSS-SHOALS  (3)  WflKELAM-STEM 
DA-HAYMO  (4)  GEhESEE-SHQALS-EEL  (5)  HAYMDM-MOLIM-PETROLI 
(G)  GEMESE-EEL-STEND-POPE 

(7)  HUMTING-WHEELI-MARKH  (8)  HUMTIMGTDH-LIMDSIDE 
(3)  HAYMOND-WAKELAMD  (10)  ALIDA-DELREY-WHITAKE  (11)  BONO-MAUMEE 
-WARMERS  (12)  CHELS-HILLSDAL-OSHTE  (13)  COHRAD-WOOTEN-WEISS  (14) 
DOOR-TRACY-QUim  (15)  DOOR-LYDICK  (IB)  ELSTOM-UEA  (17)  DUBOIS-OTU 
ELL  (18)  FOX-MARTIISSUILL-ALUU  (19)  FOX-NIISEUEH-OCKLEY  (20)  FOX-RO 
DMAN  (21)  FULT-RIM-MILF-REHSSEL  (22)  HOMER-SEBEWA-GILFDRD  (23)  MA 
UME-GILFGR-RENSSEL  (24)  MAUMEE-MEUTOM  (2S)  riARTINSUIL-BELMO-FOX 
(27)  hARTinSUILLE-WHITAKE  (28)  MAHALASUILL-WHITAKER  (30)MILF-riOMT 
GOM-REMSSEL  (31)  MCGARY  (32)  MEGLEY-PARKE  (33)  DSHTEMO-BRDMSOM 
(34)  DAKUIL-PLAINFIE-TAWA  (35)  OSHTEMO-FOX  (3G)  OCKLEY-WESTLAMD 
(37)  OCKLEY-WEA  (38)  DCKLEY-FOX  (33)  PAILMFIE-BREM-MORROC  (40)  P 
LAIMFIE-TYMER-OSHTE  (41)  PLAINFIELD-WATSEKA  (42)  PLAIISFIELD-CHELS 
EA  (43)  PATTON-HEMSHAW  (44)  PATTON-LYLES-HENSHAU  (45)  PEOGA-BARTL 
E-HOSMER  (4G)   PARKE-MIAMI-MEGLEY  (47)  REhSSELAER-MGMTGOMER  (48) 
REfiSSELAER-DARROCH  (49)  RENSSELAER-UHITAKER  (50)  UINCEmES-ZIPP-R 
OSS  (51)  UOLINIA-DICKINSON  (53)  WEA-CRANE  (54)  WAR5AU-ELST0N-F0X 
(55)  WESTLAHD-SLEETH  (5G)  WEIHBACH-SCIOTOUILLE  (57)  WEINBACH-WHEE 
LING  (58)  CROSIER-BROOKSTOIS  (59)  BROOKSTO-ODELL-CORUI  (61)  BLOUNT 
-MORLEY-PEWAMO  (G2)  BLOUNT-PEWAMO  (G3)  RIDDLES-fllANI-CROSBY  (G4) 
CROSBY-BROOKSTON  (G5)  ELLIOT-MARKHAfl-PEUIAM  (GG)  FINCASTLE-RAGSDAL 
E  (G7)  HDYTSUILLE-NAPPANEE  (G9)  PARR-MIAtll  (70)  PARR-CORUIIN  (71) 
RANDOLPH-HILLSDALE  (72)  REESUILLE-RAGSDALE  (73)  RAUB-RAGSDALE 
(74)  RAGSDALE-SIDELL  (7B)  RUSSELL-HENNEPIN  (.77)    RUSSELL-XENIA 
(78)  tllAMI-METEA-CELINA   (79)  MIAMI-OSOSSO-RIDDLES   (80)  MIAMI-C 
ROSBY-METEA  (81)  MIA-RUSSEL-FINCASTLE  (82)  MIAMI-FOX-MILTON  (83) 
MIAMI-COSBY  (84)  MIANI-HENNEPIN  (85)  MIAMI-FOX-MARTINSUIL  (8G)  HO 
RLEY-BLOUNT  (87)  MUSKIN-SHADELA-HIGHG  (88)  ODELL-CHALNERS  (83)  SI 
DELL-PARR  (90)  HENNEPIN-RDDtlAN  (91)  AUONBURG-CLERMONT  (92)  CINCIN 
NATI-HICKORY  (93)  CINCINNA-ROSSMO-HICK  (95)  CINCINNATI-AUA  (9G)  C 
INCINNAT-AUA-ALFORD  (38)  CRID-HAGERSTO-FREDER  (99)  CRIDER-FREDERI 
CK  (100)  CORYDON-WEIKERT-BERK  (101)  FAIRMOUNT-SUITZERLAN  (102)  GR 
AYFORD  (103)  LAWRENC-BEDFORD-CRID  (104)  TILSIT- JOHNSBURG  (105)  WE 
LLST-ZANESUIL-BERK  (lOG)  BERKS-GILPIN-WEIKERT  (107)  ZANE5UILLE-WE 
LLSTON  (108)  MUCKS-PEATS  (109)  ALFORD  (110)  BLOOMFI-PRINCE-AYRSH 
(111)  HOSMER   (112)  lUA-AUA  (113)  HOSMER-CINCINNAT-IUA  (114)  LYLE 
-AYRSHIR-PRINCET  (115)  PRINCET-AYRSH-BLOOMF   (IIG)  PRINCETON-FOX/ 
REPEAT  (DDRIGINAL  DATA  (2)DATA  FROM  SAME  HOLE 
(3)DATA-DIFFERENT  HOLE/ 

OFFDIR  (-O)UNKNOUN  (l)LEFT  (2)RIGHT  (3)CENTERLINE/ 
SOURCE  (-0) UNKNOWN  (ODSTATE  (02)ATEC-DEA 

(03)ATEC-CONSULTANT  (04)NUTTING-0EA  (05) NUTTING-CONSULTANT 
(OG)PITTSBURG  TEST-OEA  (07)PITTSBURG  TEST-CONS 
(08)WESTENHOFF-NOU-OEA  (09)WESTENHOFF-NOU-CONS  (lO)STOKLEY-OEA 
(IDSTOKLEY-CONSULTANT  (12)STS-0EA  ( 13)STS-C0NSULTANT 
(14)GED  SURUEYS-OEA  (15)GE0  SURUEYS-CONSULT.  (IG)TESTING  SERUICE- 
OEA  (17)TESTING  SERUICE-CONSULT.  ( 18)HURST-ROSHE-0EA  (13)HURST-R0 
SHE-CONSULT.    (20)CHASTAIN-OEA  (21 )CHASTAIN-CONSULTANT 
(22)GREGG-0EA  (23) GREGG-CONSULTANT  (24)SHAFER-0EA  (25)SHAFER-C0NS 
ULTANT/ 
SAMPTY  (-O)UNKNDWN  (ODSHELBY  TUBE  (02)SPLIT  SPOON 
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(03)DENISari  SAMPLER  (04)COMT.  FLIGHT  AUGER  (05)HAND  AUGER 
(OG)JAR  (07)BAG  (08)RGCK  CORE  (09)PIST0ri  SAMPLER  (lO)HOLLOW  STEM 
AUGER  (IDPOUER  AUGER-MACHINE/ 

PHYSIO  (-O^UhKNOWN  (l)TIPTON  TILL  PLAIM  (2)DEARB0RM  UPLAND 
(3)MUSCATATUCK  REGIONAL  SLOPE  (4)SC0TTSBURG  LOWLAND 
(5)N0RMAN  UPLAND  (G)MITCHELL  PLAIN  (7)CRAWF0RD  UPLAND 
(8)WABASH  LOULAND  0)CALUMET  LACUSTRINE  (lO)UALPARAISO  MORAINE 
(IDKANKAKEE  LACUSTRINE  (12)MAUhEE  LACUSTRINE  (13)STEUBEN  MORAINA 
L/ 

SERIES  (-O)UNKNOm  (lO)ADE  (20)ADRIAN  (30)ALFORD  (40)ALGIERS 
(50)ALIDA    (GO)ALLISON   (70)ARMIESBURG   (80)AUBBEENAUBBEE 
(90)AUA    (lOO)AUONBURG   (IIO)AYR   (120)AYRSHIRE   (130)BARTLE 
(140)BAXTER    (150)BEDFORD    (IBO)BELLMORE   (170)BERKS 
(180)BIRDS   (130)BLOOMFIELD   (200)BL0UNT   (210)BONNIE 
(220)BONO    (230)BOONESBORO   (240)B0YER   (250)BRADY 
(2G0)BREMS    (270)BRONSON   (280)BROOKSTON   (290)BURGIN 
(300)BURNSIDE    (310)CAMDEN   (320)CARLISLE   (330)CASCO 
(340)CATLIN    (350)CELINA   (3G0) CHALMERS   (370)CHELSEA 
(380)CINCINNATI    (3S0 ^CLARENCE   (400)CLERMONT   (410)COLYER 
(420)CQNOUER    (430)C0NRAD    (440)C0RWIN    (450)C0RY    (4G0)CaRYD 
ON   (470)COUPEE   (480)CRANE   (490)CRIDER   (500)CROSBY 
(510)CROSIER    (520)CUBA   (530)DANA   (540)DARROCH   (550)DEL  RAY 
(5G0)DICKINS0N    (570)DOOR   (580)DOWAGIAC   (590)DUBOIS    (GOO)D 
UNNING    (GIO)EDEN   (G20)EDENTON   (G30)EDUARDS   (G40)EEL 
(G50)ELKINSONUILLE   (GGO)ELLIOTT   (G70)ELSTON   (BSOEUANSUILLE 
(G90)FABIUS   (700)FAIRMOUNT   (710)FINCASTLE   (720)FLANAGAN 
(730)FORESMAN  (740 )FOX-SILT  LOAM  (741 )FOX-LOAM  (742)F0X-URBAN  LAN 
D  (750)FREDERICIC  (7G0)FULTON  (770)GENESEE-SILT  LOAM  (771 )GENESEE- 
URBAN  LAND  (780)GILFDRD  (790)GILPIN  (800)GINAT  (310)GLENHALL 
(820)GRANBY    (830 )GRAYFORD    (840)GUTHRIE    (850)  HAGERSTOWN 
(8B0)HANNA   (870)HASKINS   (880 )HAUBSTADT   (890)HAYMOND    (900) 
HENNEPIN   (910)HENSHAN   (S20)HICKORY   (930)HIGH  GAP   (940)HIL 
LSDALE    (950)HOMER   (9G0)HOOPESTON   (970)HOSMER   (980)HOUGHTO 
N   (990)HOYTUILLE   ( 1000)HUNTINGTON   ( 1010)HUNTSUILLE   (1020) 
lONA    (1030)IPAUA    (1040)IUA    (iOSO)JASPER    ( lOGO) JENNINGS 
(1070)JOHNSBURG    (1080)JULES    ( 1090)KALAMAZOO    ( llOOXERSTON 
(IUO)KINGS    (1120)KDKOMO    (1130)LANDES   ( 1140)LAWRENCE 
(1150)LENAUIEE   ( 11G0)LINDSIDE   (1170)LINKUILLE   ( 1180)LQNGLOIS 
(1190)LOREN20   (1200)LOWELL   (1210)LUCAS   (1220)LYDICK    (1230) 
LYLES   (1240)MAHALASUILLE   (1250)MARKHAM   ( 12G0)NARKLAND 
(1270)MARTINSUILLE   (1280)MARTISCO   (1290)MASSIE   (1300)MATHER 
TON   (1310)MAUnEE   (1320)MCGARY   (1330)MEDWAY   ( 1340 )MELLDTT 
(1350)MERMILL    ( 13G0 )METAMORA   (1370)METEA   (1380)MIAMI-SILT  L 
OAM  (1381)MIAMI-URBAN  LAND 

(1390)MILFORD    (1400)MILLSDALE   (1410)MILT0N   ( 1420)MONITOR 
(1430)MONTGOMERY    ( 1440)MONTMORENCI    (1450)MORLEY    (14G0)MOROC 
CO   (1470)NUREN   ( 1480)MUSKINGUM   (1490)MUSSEY   ( 1500)NAPPANE 
E   (1510)NEGLEY   (1520)NEWARK   (1530)NEWTON   ( 1540)NICHOLSON 
(1550)NINEUEH    (1550)N0LIN   (1570)aAKUILLE   (1580)OCKLEY 
(1590)OCTAGaN    (IGOO)ODELL   ( 1G10)QSHTEMO   (1G20)GTUELL 
(1G30)OWOSSO    (1G40)PALMS    (1G50)PARKE    (IGGO)PARR   (1G70)PATT 
ON   (1G30)PEKIN   (1G90)PE0GA   ( 1700)PETROLIA   (1710)PEWANO 
(1720)PIKE   (1730)PINHOOK    (1740)PLAINFIELD   (1750)PLANO 
(17G0)POPE   (1770)PRINCETON   ( 1780)PROCTOR   (1790)OUINN 
(1800)RAGSDALE   (1810)RAHN   ( 1820)RAND0LPH   (1830)RARDEN 
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(1840)RflUB   (1850)RftWSOM   (18G0)REESUILLE   ( 1870)REMSSELPlER 

(1880)RIDDLES   (1890)RIMER   ( 1900)ROBINSOri   ( 1910)ROCKCASTLE 

(19E0)RODMAH   (1330)ROSS   (1340)ROSSMOYnE   ( 1350)RUMNYhEDE 

(19B0)RUSH   (1970)RUSSELL    (1980)ST.  CLfllR   ( 1990)SARflNPlC 

(2000)SflUGATUCK   (2010)SCIOTOUILLE   (2020)SEBEUA   (2030)SEWflRD 

(S040)3HADELAMD   (2050)SHIP3HE   (20G0)SHOPiLS   (2070)9IDELL 

(2080)SLEETH   (2030)SLOflM   (2100)SPftRTA   (2nO)3TARK3 

(2120)STEFF   (2130)STEMDAL   (2140)STOMELICK   (2150)ST0Y 

(21G0)STRDLE   (21?0)SU!HBURY   (2180)SUIITZERLmD   (2130)SUIYGERT 

(2200)SYLUftM   (2210)TAGGftRT   (2220)TAMA   (2230)TEDR0W   (2240) 

TILSIT   (2250)TIPPECftN0E   (22E0)TOLEDO   (2270)TORONTO   (2280) 

TRACY   (2290)TRAPPIST   (2300)TRDXEL   (2310)TYNER   (2320)UMI0N 

TOWM   (2330)UIG0   (2340)UIHCEMISES   (2350)UOLIMIA   (23G0)WAKEL 

AMD   (2370)WALLKILL   (2380)UARhERS    (2390)WARSAU   (2400)UASEP 

I    (2410)UASHTEMAW   (2420)WATSEKA   (2430)UIAUSEDM   (2440)WEA 

(2450)WEIKERT   (24B0)WEinBACH   (2470)U1ELLSTON   (2480)WESTLAMD 

(2490)WHEELING   (2500)WHITAKER    (2510)UHITSON   (2520)UILBUR 

(2530)WILLETTE   (2540)UIMGATE   (2550)WOODMERE   (25G0)WOOLPER 

(2570)UYm   (2580)XENIA   (2530)ZAHESUILLE   (2G00)ZIPP 

(2700)BORROU  PIT  (2800)URBAN  LAMD    (2300)ALLUUIAL  LAND 

(3000)GRAUEL  PIT   (3100)GULLIEII  LAND(3200)STRIP  MINE 

(3300 )CUT  AND  FILL   (3400)MADE  LAND/ 

PARENT  (-O)UNKNOUN  ( 1 )LACUSTRINE  DEPOSITS  (2)0UTWA5H  AND  ALLUUIAL 

DEPOSITS  (3)EDLIAN  SAND  DEPOSITS  (4)THICK  LOESS  DEPOSITS  (5)L0AMY 

WISCONSIN  TILL  (G)CLAYEY  WIS.  TILL  (7)THIN  LOESS-LOANY  WIS  TILL 

(8)THICK  LOESS-LOAM  WIS  TILL  (3)THICK  LOESS-ILL  TILL 

(lO)RESIDUUM-SI.ST  SH  SS  ( 11 )RESIDUUM-LS  BEDROCK 

(12) RES-CALCAREOUS  SH  LS/ 

HORIZO  (-O)UNKNOWN  (DA  HORIZON  (2)B  HORIZON  (3)C  HORIZON 

(4)D  HORIZON/ 

SLOPE  (-O)UNKNOWN  (1 )LEUEL-NEARLY  LEUEL  (2)0-2  (3)2-G  (4)G-12 

(5)12-18  (G)  18-25  (7)25-35  (8)35+/ 

EROSIO  (-O)UNKNOUN  ( 1 )NONE-SLIGHT  (2)M0DERATE-ERDDED  (3)SEUERE/ 

WATERC  (-0) UNKNOWN  (-l)DRY/ 

WATERF  (-O)UNKNOWN  (-l)DRY/ 

DRAIN  (-O)UNKNOWN  ( 1 )WELL-EXCESSIUE  (2)N0DERATELY  WELL 

(3)S0MEWHAT  POORLY  (4)P00RLY-UERY  POORLY/ 

PERNEA  (-O)UNKNOWN  (l)LESS  THAN  .OG  (2).0G-.2  (3).2-.G3  (4).G3-2. 

0  (5)2.0-G.O  (G)B.0-20  (7)GREATER  THAN  20/ 

FLOOD  (-0) UNKNOWN  (l)NONE  (2)PERCHED-P0NDED-HAZARD/ 

FROST   (-O)UNKNOWN  (l)UERY  LOW  (2)UERY  LOW-LOW  (3)L0W  (4)L0W-N0DE 

RATE  (5)M0DERATE  (B)MODERATE-HIGH  (7)HIGH  (8)HIGH-UERY  HIGH 

(9)UERY  HIGH/ 

SHRINK  (-O)UNKNOWN  (l)UERY  LOW  (2)UERY  LOW-LOW  (3)L0W  (4)L0W-M0DE 

RATE  (5)M0DERATE  (G)NODERATE-HIGH  (7)HIGH  (8)HIGH-UERY  HIGH 

(9)UERY  HIGH/ 

PH   (-O)UNKNOWN  (ODBELOW  4.5  (02)4.5-5.0  (03)5.1-5.5  (04)5. G-G. 

0  (05)G.1-G.5  (0G)G.G-7.3  (07)7.4-7.8  (08)7.9-8.4  (09)8.5-9.0 

(lO)ABDUE  9.0/ 

LL.PL.PI.SL  (-O)UNKNOWN  (-l)NOT  PLASTIC/ 

TEXTUR  (-O)UNKNOWN  (l)SAND  (2)SAND-TRACE  GRAUEL  (3)SAND-LITTL£  GR 

AUEL  (4)SAND-S0ME  GRAUEL  (5)SAND  AND  GRAUEL  (B)SANDY  LOAM 

(7)SANDY  LOAM-TRACE  GRAUEL  (8)SANDY  LOAN-LITTLE  GRAUEL 

(3)SANDY  LOAM-SOME  GRAUEL  (lO)SANDY  LOAM  AND  GRAUEL 

(ll)LOAM  (12)LDAM-TRACE  GRAUEL  ( 13)L0AM-LITTLE  GRAUEL 
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(14)L0flM-SDME  GRflUEL  (15)L0flM  ftMD  GRAUEL  (IG)SILTY  LOAM 

(17)SILTY  LOAM-TRACE  GRAUEL  (18)SILTY  LOAM-LITTLE  GRAUEL 

C19)SILTY  LOAM-SOME  GRAUEL  (20)SILTY  LOAM  AND  GRAUEL 

(SDSILT  (22)SILT-TRACE  GRAUEL  (23)SILT-LITTLE  GRAUEL 

(24)SILT-S0ME  GRAUEL  (25)SILT  AMD  GRAUEL  (2G)SAMDY  CLAY  LOAM 

(27) SANDY  CLAY  LOAM-TRACE  GRAUEL  (28) SANDY  CLAY  LOAM-LITTLE  GRAUE 

L  (23) SANDY  CLAY  LOAM-SOME  GRAUEL  (30) SANDY  CLAY  LOAM  AND  GRAUEL 

(31)CLAY  LOAM  (32)CLAY  LOAM-TRACE  GRAUEL  (33)CLAY  LOAM-LITTLE  GRA 

UEL  (34)CLAY  LOAM-SOME  GRAUEL  (35)CLAY  LOAM  AND  GRAUEL 

(3G)SILTY  CLAY  LOAM  (37)SILTY  CLAY  LOAM-TRACE  GRAUEL 

(38)SILTY  CLAY  LOAM-LITTLE  GRAUEL  (3S)SILTY  CLAY  LOAM-SOME  GRAUEL 

(40)SILTY  CLAY  LOAM  AND  GRAUEL  (41)SANDY  CLAY 

(42)SANDY  CLAY-TRACE  GRAUEL  (43)SANDY  CLAY-LITTLE  GRAUEL 

(44) SANDY  CLAY-SOME  GRAUEL  (45) SANDY  CLAY  AND  GRAUEL 

(4G)5ILTY  CLAY  (47)SILTY  CLAY-TRACE  GRAUEL  (48)SILTY  CLAY-LITTLE 

GRAUEL  (49)SILTY  CLAY-SOME  GRAUEL  (50)SILTY  CLAY  AND  GRAUEL 

(SDCLAY  (52) CLAY-TRACE  GRAUEL  (53) CLAY-LITTLE  GRAUEL 

(54)CLAY-SaME  GRAUEL  (55)CLAY  AND  GRAUEL 

(56) GRAUEL  (57) SANDY  GRAUEL  (5B)GRAUELLY  SAND 

(5S)SAND  AND  GRAUEL 

(GO)COPROGENOUS  EARTH  (Bl )DIATOMACEOUS  EARTH  (B2)FIBRIC  MATERIAL 

(G3)FRAGMENTAL  MATERIAL  (G4)HEMIC  MATERIAL  (B5)ICE  OR  FROZEN  SOIL 

(GG)MARL  (G7)MUCK  (G8)MUCKY  PEAT  (G3)0XIDE-PR0TECT.  WX  BR 

(70)PART.  DECOM  ORG  MATL   (71)PEAT  (72)SAPRIC  MATERIAL 

(73)UNDEC0M  ORG  MATL  (74)UNUEATHERED  BEDROCK 

(75)WX  BR.SAPROLITE.GRUS   (7G)C0MPLEX  (77) INAPPLICABLE/ 

ORGANI  (-O)UNKNOm  (l)NO  ORGANIC  MATL  (2)TRACE  (3)LITTLE  (4)S0ME 

(5) AND/ 

COLOR  (-0) UNKNOWN   (Ol)BLUISH  GRAY  (02) BLACK 

(03)BROm  (04)BR0WNISH  YELLOW  (05)DARK  BROWN  (OG)DARK  BLUISH  GRAY 

(07)DARK  GRAY  (08)DARK  GRAYISH  BROWN  (09)DARK  GREENISH  GRAY 

(lO)DARK  OLIUE  (ll)DARK  OLIUE  GRAY  (12)DARK  RED 

(13)DARK  REDDISH  BROWN  (14)DARK  REDDISH  GRAY  (15)DUSKY  RED 

(IG)DARK  YELLOWISH  BROWN  (17)GRAYISH  BROWN  (18)GREENISH  GRAY 

(19)GRAYISH  GREEN  (20)GREEN  (21)GRAY  (22)LIGHT  BLUISH  GRAY 

(23)LIGHT  BROWN  (24)LIGHT  BROWNISH  GRAY  (25)LIGHT  GREENISH  GRAY 

(2G)LIGHT  GRAY  (27)LIGHT  OLIUE  BROWN  (28)LIGHT  OLIUE  GRAY 

(29)LIGHT  RED  (30)LIGHT  REDDISH  BROWN  (31)LIGHT  YELLOWISH  BR. 

(32)GLIUE  BROWN  (33)0LIUE  (34)0LIUE  GRAY  (35)0LIUE  YELLOW 

(3G)PALE  BROWN  (37)PALE  GREEN  (38)PALE  OLIUE  (39)PALE  RED 

(40)PALE  YELLOW  (41)PINKISH  GRAY  (42)PINK  (43)PINKISH  WHITE 

(44)REDDISH  BLACK  (45)REDDISH  BROWN  (4G)RED  (47)REDDISH  GRAY 

(48)REDDISH  YELLOW  (49)STRDNG  BROWN  (5G)UERY  DARK  BROWN 

(51)UERY  DARK  GRAY  (52)U.  DK.  GRAYISH  BROWN  (53)UERY  DARK  RED 

(54)UERY  PALE  BROWN  (55)UERY  DUSKY  RED  (5G)WEAK  RED  (57)WHITE 

(58)YELL0WISH  BROWN  (59)YELL0WISH  RED  (GO)YELLOW/ 

TESTEF  (-O)UNKNOWN  (01 )STANDARD-12400 

(02) STANDARD-SEE  DIF  ( 03)STANDARD-NOT  GIUEN  (04 )MODIFIED-12400 

(05)MODIFIED-5G000  (0G)MODIFIED-5G300  (07)MODIFIED-SEE  DIF 

(08)MODIFIED-NDT  GIUEN  (09)15  BLOW-7400  (10)15  BLOW-7800 

(11)15  BLOW-SEE  DIF  (12)15  BLOW-NOT  GIUEN  ( 13)KNEADING-SEE  DIF 

(14)KNEADING-N0T  GIUEN  (15)HARUARD  MIN-SEE  DIF 

(IG)HARUARD  MIN-NOT  GIUEN  ( 17)HUEEM-SEE  DIF  ( 18)HUEEM-N0T  GIUEN 

(19)UIBRAT0RY-SEE  DIF  (20)UIBRATORY-NOT  GIUEN  (21 )COMPRESSION-SEE 

DIF  (22) COMPRESS I ON-NOT  GIUEN/ 
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TYPE  (-O)UHKNOWN  (1)UU  TEST  (2)CU  TEST-UNSfiTURATED 
(3)CU  TEST-SATURATED  (4)DIRECT  SHEAR  (5)CD  TEST/ 
HOLENO.SAMPNO.DATEYR.DATEDA.TDUH, RANGE. SECTIO  TD  BORING, STATNO, 
OFFSET. LINE1,LINE2,LABND  TO  SPT.BEDRKS  TO  UATERS.GRADOl  TO  COLL» 
LOSSIG  TO  SPECGR.MAXDD  TO  QUSTR.OUSTA. STRENGTH  TO  CU 
(-O)UNKNOWN 

MISSING  UALUES  COUNTV  TO  QUSTR.OUSTA  TO  CU  (-0)/' 

COMMENT        THE  FOLLOWING  SERIES  OF  ?^IF;^   STATEMENTS  ARE  TO  GIUE  THE  CODED 
DESIGNATIONS  OF  ORGANIC  CONTENTS 

IF  (LOSSIG  GT  0.001  AND  LE  1)  0RGANI=1 

IF  (LOSSIG  GT  1  AND  LE  10)  0RGANI=2 

IF  (LOSSIG  GT  10  AND  LE  20)  0RGANI=3 

IF  (LOSSIG  GT  20  AND  LE  35)  0RGANI=4 

IF  (LOSSIG  GT  35)  0RGANI=5 

COMMENT        THE  FOLLOUING  SERIES  OF  ?:lF?i  STATEMENTS  ARE  TO  CORRECT  THE 
PHYSIOGRAPHIC  REGION  PERTAINING  TO  A  COUNTY 

IF  (COUNTY  EG  G5)  PHYSI0=8 

IF  (COUNTY  EQ  27)  PHYSI0=8 

IF  (COUNTY  EQ  79)  PHYSI0=1 

COMMENT        THE  FOLLOWING  SERIES  OF  ?iIF?:  STATEMENTS  ARE  TO  GIUE  CORRECT 
PARENT  MATERIALS  PERTAINING  TO  SOIL  ASSOCIATIONS 

IF  (ASSOC  EQ  55)  PARENT=2 

IF  (ASSOC  EQ  56)  PARENT=2 

IF  (ASSOC  EQ  57)  PARENT=2 

IF  (ASSOC  EQ  58)  PARENT=5 

IF  (ASSOC  EQ  59)  PARENT=7 

IF  (ASSOC  EQ  Gl)  PARENT=G 

IF  (ASSOC  EQ  G2)  PARENT=B 

IF  (ASSOC  EQ  G3)  PARENT=5 

IF  (ASSOC  EQ  G4)  PARENT=7 

IF  (ASSOC  EQ  G5)  PARENT=G 

IF  (ASSOC  EQ  GG)  PARENT=8 

IF  (ASSOC  EQ  G7)  PARENT=G 

IF  (ASSOC  EQ  G9)  PARENT=7 

IF  (ASSOC  EQ  70)  PARENT=7 

IF  (ASSOC  EQ  71)  PARENT=7 

IF  (ASSOC  EQ  72)  PARENT=8 

IF  (ASSOC  EQ  73)  PARENT=8 

IF  (ASSOC  EQ  74)  PARENT=8 

IF  (ASSOC  EQ  7G)  PARENT=8 

IF  (ASSOC  EQ  r?)    PARENT=8 

IF  (ASSOC  EQ  78)  PARENT=7 

IF  (ASSOC  EQ  79)  PARENT=5 

IF  (ASSOC  EQ  80)  PARENT=5 

IF  (ASSOC  EQ  81)  PARENT=8 

IF  (ASSOC  EQ  82)  PARENT=7 

IF  (ASSOC  EQ  83)  PARENT=7 

IF  (ASSOC  EQ  84)  PARENT=7 

IF  (ASSOC  EQ  85)  PARENT=2 

IF  (ASSOC  EQ  8G)  PARENT=G 

IF  (ASSOC  EQ  87)  PARENT=7 

IF  (ASSOC  EQ  88)  PARENT=7 

IF  (ASSOC  EQ  89)  PARENT=7 

IF  (ASSOC  EQ  90)  PARENT=7 

IF  (ASSOC  EQ  91)  PARENT=9 
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IF 

IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
COMMENT 


IF 
IF 

IF 

IF 
IF 

IF 
IF 
IF 
IF 

IF 
IF 

IF 
IF 

IF 
IF 

IF 

IF 

fiSSIGN  MISSIMG 

IF 

IF 


(ftSSOC  EQ   92)    PAREriT=9 

(ASSOC  EQ  93)  PAREMT=9 

(ASSOC   EQ   95)    PAREfHT=9 

(ASSOC  EQ  9G)  PARENT=9 

(ASSOC  EQ  38)  PAREMT=11 

(ASSOC  EQ  99)  PARENT=11 

(ASSOC  EQ  100)  PARENT=10 

(ASSOC  EQ  101)  PARENT=12 

(ASSOC   EQ    102)    PAREriT=3 

(ASSOC   EQ   103)    PAREriT=ll 

(ASSOC  EQ    104)    PAREm'=10 

(ASSOC  EQ  105)  PAREMT=10 

(ASSOC  EQ  lOG)  PAREMT=10 

(ASSOC  EQ  107)  PftRENT=10 

(ASSOC  EQ  108)  PAREMT=1 

(ASSOC   EQ    109)    PAREIiT=4 

(ASSOC  EQ  110)  PARENT=3 

(ASSOC  EQ  111)  PAREMT=4 

(ASSOC  EQ  112)  PAREMT=4 

(ASSOC  EQ  113)  PAREMT=4 

(ASSOC  EQ  114)  PflREMT=3 

(ASSOC   EQ    115)    PAREriT=3 

(ASSOC  EQ  IIB)  PAREMT=3 

THE  FOLLOWING  SERIES  OF  -IF-  STATEMENTS  COMPUTE  BOTH 

THE  AASHTO  AND  UNIFIED  CLASSIFICATION  CODES-FOR  THOSE 

PROGRAMS  NOT  REQUIRING  EITHER  OF  THESE  TWO  CLASSIFICATIONS, 

THESE  STATEMENTS  SHOULD  BE  OMITTED 

(TEXTUR  EQ  67  OR  G8  OR  70  OR  71  OR  73  OR  BO  OR  G2)  AASHT0=13 

(GRAD09  GE  35.5  AND  LL  GE  40.5  AND  PI  GE  10.5  AND  PI  GT  (LL-30)) 

AASHT0=12 

(GRAD09  GE  35.5  AND  LL  GE  40.5  AND  PI  GE  10.5  AND  PI  LE  (LL-30)) 

AASHT0=11 

(GRAD09  GE  35.5  AND  LL  LT  40.5  AND  PI  GE  10.5)  AASHTO=10 

(GRAD09  GE  35.5  AND  (LL  GE  40.5  OR  EQ  -1)  AND  PI  LT  10.5) 

AND  LL  LT  40.5  AND  PI  LT  10.5)  AASHTO=08 
AND  LL  GE  40.5  AND  PI  GE  10.5)  AASHTO=OG 
AND  LL  LT  40.5  AND  PI  GE  10.5)  AASHTO=05 
AND  (LL  GE  40.5  OR  EQ  -1)  AND  PI  LT  10.5) 

AND  LL  LT  40.5  AND  PI  LT  10.5)  AASHTO=03 
AND  GRAD09  LT  10.5  AND  (LL  EQ  -1  OR  PL  EQ  -1 

OR  PI  EQ  -D)  AASHTO=07 

(GRAD08  LT  50.5  AND  GRAD09  LT  25.5  AND  PI  LT  E.5)  AASHTO=02 

(GRAD07  LT  50.5  AND  GRAD08  LT  30.5  AND  GRAD03  LT  15.5 

AND  PI  LT  G.5)  AASHTO=01 

(TEXTUR  EQ  G7  OR  G8  OR  70  OR  71  OR  73  OR  GO  OR  G2)  AASHT0=13 

(AASHTO  NE  05  OR  OG) 

GI=RND((GRAD03-35)»(.2+.005»(LL-40))+.01»(GRAD09-15)»(PI-10)) 

(AASHTO  EQ  05  OR  OG)  GI=RND( . 01»(GRAD03-15)»(PI-10) ) 

(PL  EQ  -1  OR  LL  EQ  -1  OR  GI  LT  0)  GI=0 

GI  (-8) 

(TEXTUR  EQ  67  OR  G8  OR  70  OR  71  OR  73  OR  GO  OR  G2)  UNIF=35 

(GRAD09  GE  50  AND  (PI  GT  ( .73»(LL-20) )  AND  7)  AND  LL  LT  50) 

UNIF=01 


AASHTO=09 

(GRAD09  GE 

35, 

.5 

(GRAD09  LT 

35, 

,5 

(GRAD09  LT 

35. 

.5 

(GRAD09  LT 

35. 

,5 

AASHTO=04 

(GRAD03  LT 

35. 

.5 

(GRAD08  GE 

50. 

.5 
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IF 
IF 
IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 

IF 
IF 

IF 

IF 

IF 

IF 

IF 

IF 


IF 
IF 
IF 

IF 


(.73»(LL-20)) 
(.73»(LL-20)) 


(GRflDOa  GE  50  AMD  PI  GT 

(GRAD09  GE  50  AND  PI  GT 

(GRf=lD09  GE  50  ftHD  (PI  LT  ( .73»(LL-20) ) 

CORGAMI  EQ  1  OR  2))  UniF=04 

(GRADOa  GE  50  AND  (PI  LT  (.73»(LL-20)) 

(ORGAHI  EQ  4  OR  5))  UNIF=05 

(GRAD09  GE  50  AND  (PI  LT  (.73»(LL-20n 

ORGANI  EQ  3)  UNIF=OB 

(GRAD09  GE  50  AND  (PI  EQ  ( .73*(LL-20) ) 

1  OR  2n  UNIF=07 

50  AND  (PI  EQ  (.73»(LL-20)) 

4  OR  5))  UMIF=08 

50  AND  (PI  EQ  (.73»(LL-20)) 
05 
PI  LT  (.73*(LL-20)) 

1  OR  2))  UNIF=10 

50  AND  PI  LT  (.73»(LL-20)) 

4  OR  5))  UNIF=11 

50  AND  PI  LT  (.73»(LL-20)) 


AND 

LL 

GT  50) 

UNIF=02 

AND 

LL 

EQ  50) 

UNIF=03 

OR 

4) 

AND  LL 

LT  50  AND 

EQ 
GE 
EQ 
GE 


(DRGANI 

(GRAD09 

(ORGANI 

(GRAD09 

ORGANI  EQ  3)  UNIF 

(GRAD09  GE  50  AND 

EQ 

GE 

EQ 

GE 
=  12 


50  AND  PI  EQ  (.73»(LL-20)) 

1  OR  2))  UNIF=13 

50  AND  PI  EQ  (.73»(LL-20)) 

4  OR  5))  UNIF=14 

50  AND  PI  EQ  (.73*(LL-20)) 


50  AND  PI  LT  (.73»(LL-20))  AND  LL  EQ  50  AND 

1  OR  2))  UNIF=1S 

50  AND  PI  LT  (.73»(LL-20)) 

4  OR  5))  UNIF=17 

50  AND  PI  LT  (.73*(LL-20)) 


(ORGANI 

(GRAD09 

(ORGANI 

(GRAD09 

3)  UNIF 

(GRAD09  GE 

(ORGANI  EQ 

(GRAD09  GE 

(ORGANI  EQ 

(GRAD09  GE 

3)  UNIF=15 

(GRAD09  GE 

(ORGANI  EQ 

(GRADOg  GE 

(ORGANI  EQ 

(GRAD09  GE 

3)  UNIF=18 

(GRAD03  GE  50  AND 

(GRAD09  GE  50  AND 

UNIF=20 

(GRAD09  LT  50 

(.73*(LL-20)) 

(GRAD09  LT  50 

(.73»(LL-20)) 

(GRAD09  LT  50 

(.73*(LL-20)) 

(GRAD09  LT  50 

(.73*(LL-20)) 

(GRAD09  LT  50 

(.73*(LL-20))) 

UNIF=23 

(GRAD09  LT  50  AND  GRADOG 

(.73«(LL-20)))  OR  (PI  GT 

UNIF=2B 

(GRAD09  LT  50  AND  GRADOB 

(GRAD09  LT  50  AND  GRADOB 

(GRAD09  LT  50  AND  GRADOB 

(PI  LT  (.73»(LL-E0))  OR  4)) 

(GRAD09  LT  50  AND  GRADOB  LE 

(PI  GT  (.73*(LL-20))  AND  7)) 


OR  4)  AND  LL  LT  50  AND 
OR  4)  AND  LL  LT  50  AND 
AND  GT  7)  AND  LL  LT  50  AND 
AND  GT  7)  AND  LL  LT  50  AND 
AND  GT  7)  AND  LL  LT  50  AND 

AND  LL  GT  50  AND 

AND  LL  GT  50  AND 

AND  LL  GT  50  AND  ORGANI  EQ 

AND  LL  GT  50  AND 

AND  LL  GT  50  AND 

AND  LL  GT  50  AND  ORGANI  EQ 


AND  LL  EQ  50  AND 


AND  LL  EQ  50  AND  ORGANI  EQ 


PI  EQ  (.73*(LL-20))  AND  LL  EQ  50)  UNIF=ig 
(PI  GE  (.73»(LL-20).)  AND  LE  7  AND  GE  4)) 


AND  GRADOB  LE  50 
OR  4))  UNIF=21 
AND  GRADOB  GT  50 
OR  4))  UNIF=24 
AND  GRADOG  LE  50 
7))  UNIF=22 
GRADOG  GT  50 
7))  UNIF=25 
GRADOG  LE  50 
(PI  GT 


AND 
AND 
AND 
AND 
OR 


AND  GRAD09  GT  12  AND  (PI  LT 

AND  GRAD09  GT  12  AND  (PI  LT 

AND  GRAD09  GT  12  AND  (PI  GT 

AND  GRAD09  GT  12  AND  (PI  GT 


( 


AND  GRAD09  GT  12 
73*(LL-20))  AND  LE  7 


GT  50  AND  GRAD09  GT  12 
(.73»(LL-20))  AND  LE  7 


AND 
AND 

AND 
AND 


((PI  EQ 
GE  4))) 

((PI  EQ 
GE  4))) 


LE 
GT 
LE 


50  AND  GRAD09  LT  5) 
50  AND  GRAD09  LT  5) 
50  AND  (GRAD09  GE  5 
UNIF=29 

50  AND  (GRAD09  GE  5 
UNIF=30 


UNIF=27 
UNIF=28 
AND  LE  12) 


AND 


AND  LE  12)  AND 
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IF 


IF 
IF 
IF 


IF 

IF 
IF 
IF 
IF 


(GRAD09  LT  50  PiMD  GRADOE  LE  50  AMD  (GRAD09  GE  5  AMD  LE  12)  AMD 

((PI  EQ  (.73*(LL-20)))  OR  (PI  GT  ( .73*(LL-20) )  AMD  LE  7  AMD 

GE  4n)  UMIF=31 

(GRAD09  LT  50  AMD  GRADOG  GT  50  AMD  (GRAD09  GE 

(PI  LT  (.73*(LL-20))  OR  4))  UMIF=32 

(GRAD09  LT  50  AND  GRADOG  GT  50  AMD  (GRAD09  GE 

(PI  GT  (.73*(LL-20))  AMD  7))  UMIF=33 

(GRAD09  LT  50  AMD  GRADOG  GT  50  AMD  (GRAD09  GE  -  .,.,„  ^. 

((PI  EQ  (.73»(LL-20)))  OR  (PI  GT  ( .73»(LL-20) )  AMD  LE  7  AMD 

GE  4)))  UMIF=34 

(TEXTUR  EQ  G7  OR  E8  OR  70  OR  71  OR  73  OR  GO  OR  G2)  UMIF=35 

(AASHTOl  ME  9999)  AA5HT0=AASHT01 

(UMIFl  ME  9999)  UMIF=UMIF1 

(SAMD  EQ  399)  SAMD=-0 

(SAMD  ME  999)  5AMD=GRAD07-GRAD09 


5  AMD  LE  12)  AMD 
5  AMD  LE  12)  AMD 
5  AMD  LE  12)  AMD 


A5SIGM  MISSING  AASHTO.UMIF  (-8) 


UAR  LABELS 
UALUE  LABELS 


COMMEMT 


COMMEMT 


M  OF  CASES 
PRINT  FORMATS 


READ  INPUT  DATA 
SAUE  FILE      PROG 
FINISH 
G/7/8/9 


GI  GROUP  IMDEX/AASHTO  AASHTO  CLASSIFICATIOMx'UNIF  UNIFIED  CLASSIFI 

CATION 

GI  (-8)MISSIMG  DATA/ 

AASHTO  (-0) UNKNOWN  (l)A-l-A  (2)A-1-B  (3)A-2-4  (4)A-2-5  (5)A-2-S 

(G)A-2-7  (7)A-3  (8)A-4  (9)A-5  (lO)A-G  (ll)A-7-5  (12)A-7-G 

(13)A-8/ 

UMIF  (-O)UNKNOWN  (Ol)CL  (02)CH  (03)CL-CH  (04)ML  (05)OL  (OG)ML-OL 

(07)ML-CL  (08)CL-OL  (09)NL-0L  OR  CL  (lO)MH  (ll)OH  (12)MH-0H 

(13)nH-CH  (14)CH-0H  (15)MH-0H  OR  CH  (IG)ML-MH  (17)0L-0H 

(18)MH-0H  OR  ML-OL  (19)ANY  CDNBINATION  (20)CL-ML 

(21)GN  (22)GC  (23)GM-GC  (24)Sn  (25)SC  (2G)SM-SC  (27)GU  OR  GP*=G 

(28)SW  OR  SP»=S  (23)G-GM  (30)G-GC  (31)G-GM  OR  G-GC  (32)S-SM 

(33)S-SC  (34)S-5n  OR  S-SC  (35)PT 

THE  ABOUE  STATEMENT  IS  THE  LAST  STATEMENT  UHICH 

SHOULD  BE  OMITTED  IF  THE  AASHTO  AMD  UNIFIED 

CLASSIFICATIONS  ARE  NOT  REQUIRED 

THE  NUMBER  OF  CASES  (N  OF  CASES)  WILL  COINCIDE  WITH 

THE  NUMBER  OF  SAMPLES  CONTAINED  WITHIN  THE  DATA  BANK 

AT  THE  TIME  OF  PROCESSING 

9442 

SPECER.EO.EF.CCCR  (3)/  QUSTR,  QUSTA,  STRENGTH  TO  COHESION, 

POREPRESS, MAJOR, PO, PC, CU  (2)/  GRDSUR  TO  DEPTHB, 

BEDRKS  TO  WATERF, 

GRADOl  TO  MATDD,NAXDD  TO  CBRS02, ANGLE, SO, SF  (1)/PR0JPR, 

PROJPA,CONTPR,ROADPR,ROADSU  TO  BORING, LINEl, LINE2, LABNO  (A) 
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APPENDIX  B-II 
DATA  RETRIEVAL  PROGRAMS 
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1.  The  following  program  is  to  retreive  the  geotechnical 
information  in  the  area  of  Township  37  North  (T37N) 
and  Range  9  West  (R9W)  then  to  put  it  onto  the  file 
in  terms  of  PFILES  VIKING  8 


f?ZC'JZST(TP?Z,l 
nZ!IIi;i3(TP.FE) 
CQPVDrCTPiPZ.r" 
[TZTL'~il(TP.?Z) 

RZi.'iriD(PR3:2) 
cd:-'i;;2;i(EPSS) 

SP33(G=PPn3.A= 

nzi)i;sD^u!icit;~3 

PFILES(PUT,u:;C 
?/8/3 
GZT   FILE 
SZLECT    IF 
U2UZ   CftSZS 


:OOOO.L10000.T4009TU30000f7C300.r209TPl. 

23  5 

CG) 


ui:aM33) 
i;;33) 

FP33 

(TO^N  EQ  37  ftiSD  TD•.^'^^DI   EQ   1   AMD  RP;^'GI  EQ  S  f=;MD  RfiFSGDI   EO  2) 

(1;;.F2.0,F5.0m"2.0,1><.F1.0i1)<,F2.0.1X,F2.0.  1X,F2.0,  1X,F2.0, 

1X,F1.0,1><,F2.0.  1X,F1.0,  i;i,F2.0.  i;;,ft3»   A5»Pl3,F3.0,l".Pl3, 

F5.0,  1X,P.2.F3.0,A1.  VA,P.3,    1X,F3.0.  IJi.Fl.O/ 

ll'^FF.O,  1X,F4.0,  IX.Fl.O,  IX,  P.3,A2,  1X,F2.0,  1X.F2.0,  IX.  P.3, 

1X,F5.1.    1X.F4.1.  1X.F4.1.  1X,F2.0,  i;'.F2.0.  1X,F4.0/ 

11X,F2.0,  1X»F1.0,  1X,F1.0,  IX^Fl.O,  1X,F3.1,  1X.F4.1,  1X.F2.1. 


1X,F4.1. 

1X,F2.0. 

F4.1.  IX, 

1X,F4.1, 

11X,F4.1, 

I) 

1 ; 


1X,F4.1,  IX.Fl.O,  IX.Fl.O,  IX.Fl.O.  IX.Fl.O.  IX.Fl.O, 
X,F4.1,  1X.F4.1.  1X.F4.1.  1X.F4.1,  1X,F4.1/  IIX, 
4.1,  1X.F4.1,  1X,F4.1,  1X,F4.1,  1X.F4.1.  1X,F4.1, 
X,F4.1,  1X,F4.1,  1X.F4.1.  1X,F4.1.  1X.F3.1,  1X,F3.1/ 
1X,F4.1,  1X.F4.1,  1X,F4.3,  1X.F2.0,  IX.Fi.O.  1X.F2.0, 


"2.0,  IX, F4 
"3.1, 


1X,F4.1.  1X,F3.1,  1X,F3.1.  1X,F3.1,  1X,F3.1. 


X.F4.2-F2.0,F2.0-'  IIX  F4  .2,  IX.  Fl .  0,  3F4  .2,  F3.  £. 
F3 . 1 ,  2F4 . 2 , IX , 2F4 . 3 . 2F4 . 1 . 2F4 . 2 . 2F4 . 3 - F4 . 2 ) 

cc'j:;TY.K3_zr:o,s?,:;F«3.DiSTRi,i;.qTE\':i,D.^TEi;3,D.^TZDA,TC'..';i.Tc;::-;Di. 
Rp.r:3Z.PP::3Di.szcTi0.F~3Jr,'^,F~3j;;D,P.?3JPA.FnDj;ii.CG;;7Fr;, 

C2nTriD.na.^.DPR.P2P.Ijr:3,::0.-.33'J.Z3PIn3.P.52D3,RZFZftT,STi^Ti;D.GFF£Ei, 
DFFDIP.  Lir-;Z1 .  Lir:Z2,  S3L!:^CE.  SPXPTY,  LPZra.  Cr^DSUr?,  EZPT'nT, 
DEPTHS,  SPT,  PHYSID,  SZPIES,  PP.'EhiT.  Ka:^IZO,  5LGPE.  ER03I0,  EZE^XS, 
EED:;;C3.1!PiTER3,:!STE:^C,W?l7ERF.E:^P!lN,FEP;;ZPj  FLOOD.  FnaST.ESPirSX.PH, 
GRP.DOl  TO  GRPiDlO-  3.-.r:D.  SILT.  CLflY,  COLL,  LL.  FL.  PI,  SL.  LC3SIG, 
riPsTliC.  Man  ID,  MATDD,  SrZCGR.  7EXTUR,  GRGAr-lI,  COLOR.  TESTEF,  rinX'DD. 
r.PXUD.  OPTII  iC.  C3RUM1,  CDRUM2,  CER531 ,  GERS02,  CU3TR,  fiftSHTO,  UNIF, 
GU3TA, TYPE, STRENGTH, STRAIN, CGMFFRES,  COHESION. AMGLE. PGREPuES, 
MAJOR. EO, EF. SO. £F, PO. PC, CC, CR, CU 


FINISH 
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The  following  program  is  to  present  one-way  frequency 
distribution  tables  for  the  variables  as  indicated  in 
the  program  with  the  information  out  of  PFILES  VIKING  8 


PFILESCGET.UIKINGS) 

COMMDrH(SPSS) 

£P5S(D=UIKING3) 


N  OF  CASES 
IMPUT  FORtlPlT 


TRECUENCIES 


OPTIONS 
FINISH 
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3.  The  following  program  is  to  present  the  distributions 
of  textures,  AASHTO  classification  units,  Unified  clas- 
sification units,  SPT  values,  and  unconfined  compressive 
strength  values  vs.  depth  with  the  information  out  of 
PFILES  VIKING  8 


UARIABLE  LIST 


12345. ABC, MF150000,CM150000.L10000,P^0.TU48000,TC480,T400. 

PASS=CDEF 

PFILESCGET.UIKINGS) 

COMMON (SPSS) 

SPS5(D=UIKIMG8) 

COPYCF(BCDOUT,.»RIB) 

7/3/3 

COUNTY, HOLENO, SflMPNO, DI5TRI, DATEYR, DATEMO, DATEIIA.TOWN. TOWNDI, 

RANGE, RANGDI , SECTIO, PROJPR, PROJNO, PROJPA, PROJMI , CONTPR, 

CONTNO, ROADPR, ROADNO, ROADSU, BORING, ASSOC,  REPEAT,  STATNO,  OFFSET, 

OFFDIR, LINEl , LINE2, SOURCE, SAMPTY, LABNO, GRDSUR, DEPTHT, 

DEPTHS,  SPT,  PHYSIO, SERIES, PARENT, HORIZO, SLOPE,  EROSIO, BEDRKS, 

BEDRKB, WATERS, WATERC, NATERF, DRAIN, PERMEA,  FLOOD, FROST,  SHRINK, PH, 

GRADOl  TO  GRADIO, SAND, SILT. CLAY, COLL, LL, PL, PI, SL,LOSSIG, 

NATMC, NATUD, NATDD, SPECGR, TEXTUR, ORGANI , COLOR, TESTEF, MAXDD, 

MAXWD, OPTIMC, CBRUNl . CBRUN2, CBRSOl , CBRS02, QUSTR, AASHTO, UNIF, 

QUSTA, TYPE, STRENGTH, STRAIN, C0NFPRE5, COHESION, ANGLE, POREPRES, 

MAJOR,EO,EF,SO,SF,PO,PC,CC,CR,CU 
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(1X,F2.0,F5.0,F2.0.1X.F1.0,1X,F2.0,1X,F2.0,  1X,F2.0,  1X,F2.0, 

1X,F1.0,1X,F2.0,  1X.F1.0.1X.F2.0,1X,A3,   AS, A3,F3. 0, IX, A3, 

F5.0,  1X,A2,F3.0,A1.  IX, AS,  1X,F3.0,  1X,F1.0/ 

11X.F7.0,  1X,F4.0,  1X,F1.0,  IX,  A8,A2,  1X,F2.0,  1X,F2.0,  IX,  ftS, 

1X,F5.1,    1X,F4.1,  1X,F4.1,  1X,F2.0,  1X,F2.0,  1X,F4.0/ 

11X,F2.0,  1X,F1.0,  1X,F1.0,  1X,F1.0,  1X,F3.1.  1X,F4.1,  1X,F2.1, 

1X,F4.1,  1X,F4.1,  1X,F1.0,  1X,F1.0,  1X,F1.0,  1X,F1.0,  IX.Fl.O, 

1X,F2.0,  1X,F4.1,  1X,F4.1,  1X,F4.1,  1X,F4.1,  1X,F4.1/  IIX, 

F4.1,  1X,F4.1,  1X,F4.1,  1X,F4.1,  1X,F4.1,  1X.F4.1,  1X,F4.1, 

1X,F4.1,  1X,F4.1,  1X,F4.1,  1X,F4.1,  1X,F4.1,  1X,F3.1,  1X,F3.1/ 

11X,F4.1,  1X,F4.1,  1X.F4.1,  1X,F4.3,  1X,F2.0,  1X,F1.0,  1X,F2.0, 

1X,F2.0,  1X,F4.1.  1X,F4.1,  1X,F3.1,  1X,F3.1,  1X,F3.1,  1X,F3.1, 

1X,F3.1,  1X,F4.2,F2.0.F2.0/  IIX  F4.2, IX, Fl . 0, 3F4.2, F3.2, 

F3.1,2F4.2, 1X,2F4.3.2F4.1.2F4.2,2F4.3.F4.2) 

DEPTH=( DEPTHT  +  DEPTHS )/2 

DEPTH(ft) 

(FG. 2, 5X,F2.0,5X,F2.0,5X,F2.0,5X,F2.0,5X,F5.2)DEPTH, TEXTUR, 

AASHTO, UNIF. SPT. QUSTR 


N  OF  CASES 
INPUT  FORMAT 


COMPUTE 
SORT  CASES 
WRITE  CASES 


FINISH 
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The  following  program  is  to  present  the  CALCOMP  plots 
of  liquid  limits,  plastic  limits,  and  natural  moisture 
contents  vs.  depths  and  SPT  values  vs.  depths  with  the 
information  out  of  PFILES  VIKING  8 


12345, ABC. MF15 

PASS=CDEF 

PFILESCGET.UIK 

COMMDHCSPSS) 

SPSS(D=UIKirSG3 

COPYPLTCISOPLOT 

7/8/9 

RUM  NAME 

UftRIABLE  LIST 


0000. CM150000. LI  0000, P20,TU48000.TC4S0.T400. 
IISGS) 


M  OF  CASES 
INPUT  FORMAT 


COMPUTE 
PLOT 


) 
) 

WILD  GEESE 

COUNTY. HOLENO. SAMPNO, DISTRI, DATEYR. DATEMO. DATEDA, TOWN. TOWNDI, 

RANGE, RANGDI . SECTIO. PROJPR, PROJNO. PROJPA. PROJMI , CONTPR, 

CONTNO, ROADPR, ROADNO, ROADSU, BORING, ASSOC.  REPEAT. STATNO. OFFSET, 

OFFDIR. LINEl , LINE2. SOURCE. SANPTY. LABNO. GRDSUR. DEPTHT. 

DEPTHB. SPT, PHYSIO. SERIES, PARENT, HORIZO, SLOPE, EROSIO. BEDRKS, 

BEDRKB, WATERS, WATERC, WATERF, DRAIN, PERNEA, FLOOD, FROST, SHRINK, PH, 

GRADOl  TO  GRADIO, SAND, SILT, CLAY, COLL, LL, PL, PI, SL,LOSSIG, 

NAThC, NATWD, NATDD, SPECGR, TEXTUR, ORGANI, COLOR, TESTEF, NAXDD. 

NAXWD. OPTING, CBRUNl , CBRUN2, CBRSOl , CBRS02, QUSTR, AASHTO, UNIF, 

OUSTA, TYPE, STRENGTH, STRAIN, C0NFPRE5, COHESION, ANGLE, POREPRES, 

MAJOR, ED, EF, SO, SF, PO, PC, CC, CR, CU 
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(1X,F2.0,F5.0.F2.0,1X,F1.0,1X,F2.0,1X,F2.0.  1X,F2.0.  1X.F2.0. 

1X.F1.0.1X,F2.0,  IX.Fl.O, 1X,F2.0,1X,A3,   A5. A3,F3. 0. IX. A3, 

F5.0,  1X,A2,F3.0,A1,  IX, AS,  1X.F3.0.  IX.Fl.O/ 

11X,F7.0.  1X,F4.0,  1X,F1.0,  IX,  A8,A2,  1X,F2.0.  1X.F2.0.  IX,  AS, 

1X,F5.1.    1X.F4.1.  1X,F4.1,  1X,F2.0,  1X,F2.0,  1X,F4.0/ 

11X,F2.0,  1X,F1.0,  1X,F1.0,  1X,F1.0,  1X,F3.1,  1X,F4.1,  1X,F2.1. 

1X,F4.1,  1X,F4.1,  1X,F1.0,  1X,F1.0,  IX.Fl.O,  1X,F1.0,  1X,F1.0, 

1X.F2.0,  1X,F4.1.  1X.F4.1,  1X.F4.1.  1X.F4.1,  1X,F4,1/  IIX, 

F4.1,  1X,F4.1,  1X,F4.1,  1X.F4.1,  1X,F4.1,  1X.F4.1.  1X,F4.1. 

1X.F4.1.  1X,F4.1.  1X,F4.1,  1X,F4.1,  1X,F4.1,  1X,F3.1,  1X,F3.1/ 

11X,F4.1,  IX.F4.1.  1X.F4.1,  1X.F4.3.  1X,F2.0.  IX.Fl.O.  1X.F2.0. 

1X.F2.0,  1X,F4.1,  1X,F4.1,  1X,F3.1,  1X,F3.1,  1X,F3.1.  1X,F3.1, 

1X,F3.1,  1X,F4.2,F2.0,F2.0/  IIX  F4.2. 1X,F1.0,3F4.2.F3.2. 

F3.1,2F4.2.1X,2F4.3,2F4.1,2F4.2,2F4.3,F4.2) 

DEPTH=( DEPTHT  +  DEPTHB )/2 

PL0TS=LL,PL,NATMC(0.001,E0)  WITH  DEPTHCO, 140)/ 

SIZE=-7.5.-4/ 

XDIU=10/YDIU=G/ 

SYMBOLS=1.2,0/ 

PLOTS=SPT(0.001.30)  WITH  DEPTHCO, 140)/ 

SIZE=-7.5.-4/ 

XDIU=10/YDIU=5/ 

SYMB0LS=3/ 


FINISH 
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APPENDIX  C:   MULTIPLE  COMPARISON  TABLES 
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Note: 

'■•VARIABLE  NAME 

CODE 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

•"""-VARIABLE  NAME 

CODE 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

PHYSIO 

DESCRIPTION 

Tipton  Till  Plain 
Dearborn  Upland 
Muscatatuck  Regional  Slope 
Scottsburg  Lowland 
Norman  Upland 
Mitchell  Plain 
Crawford  Upland 
Wabash  Lowland 
Calumet  Lacustrine  Section 
Valparaiso  Moraine 
Kankakee  Lacustrine  Section 
Maumee  Lacustrine  Section 
Steuben  Morainal  Section 

AASHTO 

DESCRIPTION 

A-l-A 

A-l-B 

A-2-4 

A-2-5 

A-2-6 

A-2-7 

A-3 

A-4 

A-5 

A-6 

A-7-5 

A-7-6 

A- 8 


461 


"VARIABLE  NAME 

CODE 

1. 
2. 
3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
27. 
28. 
30. 
31. 
32. 
33. 
34. 
35. 


ASSOC 

DESCRIPTION 

Eel-Mart ins ville-Genesee 

Genes ee-Ross-Shoa Is 

Wake land-Stendal-Haymond-Bar tie 

Gene see-Shoals -Eel 

Haymond-Nolin-Petrolia 

Genesee-Eel-Stendal-Pope 

Hun tington-Whee ling-Ma rkland 

Huntington-Lindside 

Haymond-Wake land 

Alida-Del  Rey-Whitaker 

Bono-Maumee-Warners 

Che  1 sea-Hi llsdale-Oshtemo 

Conrad-Woo ten-Weiss 

Door-Tracy-Quinn 

Door-Lydick 

Els ton-Wea 

Dubois-Otwell-Bartle 

Fox-Martinsville-Aluvi 

Fox-Nineveh-Ockley 

Fox-Rodman 

Ful ton-Rime r-Milford-Rensselaer 

Home r-Sebewa-Gil ford 

Maumee-Gilford-Rensselaer 

Maumee-Newton 

Mart ins ville-Bellmore-Fox 

Ma r t ins ville-Whi taker 

Maha las ville-Whi taker 

Milford-Montgomery-Rensselaer 

McGary 

Negley-Parke 

Oshtemo-Bronson 

Oakvi lie-Plain fie  Id-Adrian 

Oshtemo-Fox 
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•VARIABLE  NAME 
CODE 

36. 

37. 
38. 
39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

53. 

54. 

55. 
56. 
57. 
58. 
59. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
69. 
70. 


ASSOC  (continued) 

DESCRIPTION 

Ock ley-West land 

Ockley-Wea 

Ockley-Fox 

Plainf ield-Brems-Morrocco 

Plainf ield-Tyner-Oshtemo 

Plainf ie Id-Wats eka 

Plain fie  Id-Chelsea 

Patton-Henshaw 

Patton-Lyles-Henshaw 

Peoga-Bartle-Hosmer 

Parke-Miami-Negley 

Rensselaer-Montgomery 

Rensselaer-Darroch 

Rensselaer-Whi taker 

Vincennes-Zipp-Ross 

Volinia 

Wea-Crane 

Warsaw-Els  ton-Fox 

Westland-Sleeth 

Weinbach-Sciotoville 

We  inbach-Whee 1 ing 

Crosier-Brooks  ton 

Brooks  ton-Ode  11 -Co rwin 

Blount-Morley-Pewamo 

Blount-Pewamo 

Riddles-Miami-Crosier 

Crosby-Brooks  ton 

Ell io  t t-Markham-Pewamo 

Fincas tie-Rags dale-Brooks  ton 

Hoytville-Nappanee 

Parr-Miami 

Parr-Corwin 
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Vf-A-vVVARIABLE   NAME 
CODE 

71. 

72. 

73. 

74. 

76. 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

92. 

93. 

95. 

96. 

98. 

99. 
100. 
101. 
102. 
103. 
104. 
105. 


ASSOC  (continued) 

DESCRIPTION 

Randolph-Mi llsdale 

Reesvi lie-Rags dale 

Raub-Ragsdale 

Ragsdale-Sidell 

Russell-Hennepin 

Russell-Xenia 

Miami-Metea-Celina 

Miami-Owosso-Riddles 

Miami-Crosier-Metea 

Miami-Russell-Fincastle 

Miami-Fox-Milton 

Miami-Crosby 

Miami-Hennepin 

Miami-Fox-Mart ins vi lie 

Morley-Blount 

Muskingum-Shadeland-High  Gap 

Odell-Chalmers 

Sidell-Parr 

Henne pin-Rodman 

Avonburg-C le  rmon  t 

Cincinnati-Hickory 

Cincinnati-Rossmoyne -Hickory 

Cincinnati-Ava 

Cincinnati-Ava-Alford 

Crider-Hagers  town-Frederick 

Crider-F rede rick 

Corydon-Weikert-Berks 

Fairmount-Switzerland 

Grayford 

Lawrence-Be dford-C rider 

Tilsit-Johnsburg 

Wells ton-Zanesvi lie-Berks 
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'VARIABLE  NAME 

CODE 

106. 
107. 
108. 
109. 
110. 
111. 
112. 
113. 
114. 
115. 
116. 


ASSOC  (continued) 

DESCRIPTION 

Berks-Gilpin-Weikert 

Zanesvi He-Wells  ton 

Mucks-Peats 

Alford 

Bloomfield-Prince ton-Ayrshire 

Hosmer 

Iva-Ava 

Hosmer-Cincinnati-Iva 

Lyles-Ayrshi re-Prince  ton 

Prince  ton-Ay rshire-Bloomfie Id 

Princeton-Fox 


•VARIABLE  NAI^ 

IE      SERIES 

CODE 

DESCRIPTION 

10. 

Ade 

20. 

Adrian 

30. 

Alford 

40. 

Algiers 

50. 

Alida 

60. 

Allison 

70. 

Armiesburg 

80. 

Aubbeenaubbee 

90. 

Ava 

100. 

Avonburg 

110. 

Ayr 

120. 

Ayrshire 

130. 

Bartle 

140. 

Baxter 

150. 

Bedford 

160. 

Bellmore 

170. 

Berks 
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***v.- VARIABLE  NAME 

SERIES  (continued) 

CODE 

DESCRIPTION 

180. 

Birds 

190. 

Bloomf ield 

200. 

Blount 

210. 

Bonnie 

220. 

Bono 

230. 

Boonesboro 

240. 

Boyer 

250. 

Brady 

260. 

Brems 

270. 

Bronson 

280. 

Brooks  ton 

290. 

Burgin 

300. 

Burns ide 

310. 

Camden 

320. 

Carlisle 

330. 

Casco 

340. 

Catlin 

350. 

Celina 

360. 

Chalmers 

370. 

Chelsea 

380. 

Cincinnati 

390. 

Clarence 

400. 

Clermont 

410. 

Colyer 

420. 

Conover 

430. 

Conrad 

440. 

Corwin 

450. 

Cory 

460. 

Corydon 

470. 

Coupee 

480. 

Crane 

490. 

Crider 
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-A--V-VV.-VARIABLE  NAME 

SERIES  (continued) 

CODE 

DESCRIPTION 

500. 

Crosby 

510. 

Crosier 

520. 

Cuba 

530. 

Dana 

540. 

Darroch 

550. 

Del  Rey 

560. 

Dickinson 

570. 

Door 

580. 

Dowagiac 

590. 

Dubois 

600. 

Dunning 

610. 

Eden 

620. 

Edenton 

630. 

Edwards 

640. 

Eel 

650. 

Elkinsonville 

660. 

Elliott 

670. 

Els  ton 

680. 

Evansville 

690. 

Fabius 

700. 

Fairmount 

710. 

Fincas tie 

720. 

Flanagan 

730. 

Foresraan 

740. 

Fox-Silt  Loam 

741. 

Fox-Loam 

742. 

Fox-Urban  Land 

750. 

Frederick 

760. 

Fulton 

770. 

Genesee-Silt  Loam 

771. 

Genessee-Urban  Land 

780. 

Gilford 

790. 

Gilpin 
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•VARIABLE  NAME 

SERIES  (continued) 

CODE 

DESCRIPTION 

800. 

Ginat 

810. 

Glenhall 

820. 

Granby 

830. 

Grayford 

840. 

Guthrie 

850. 

Hagerstown 

860. 

Hanna 

870. 

Haskins 

880. 

Haubstadt 

890. 

Raymond 

900. 

Hennepin 

910. 

Henshaw 

920. 

Hickory 

930. 

High  Gap 

940. 

Hillsdale 

950. 

Homer 

960. 

Hoopes ton 

970. 

Hosmer 

980. 

Houghton 

990. 

Hoytville 

1000. 

Huntington 

1010. 

Huntsville 

1020. 

lona 

1030. 

Ipava 

1040. 

Iva 

1050. 

Jasper 

1060. 

Jennings 

1070. 

Johnsburg 

1080. 

Jules 

1090. 

Kalamazoo 

1100. 

Kerston 

1110. 

Kings 
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-v-v-v-A-vARIABLE  NAME 

SERIES  (continued) 

CODE 

DESCRIPTION 

1120. 

Kokomo 

1130. 

Landes 

1140. 

Lawrence 

1150. 

Lenawee 

1160. 

Lindside 

1170. 

Linkville 

1180. 

Longlois 

1190. 

Lorenzo 

1200. 

Lowell 

1210. 

Lucas 

1220. 

Lydick 

1230. 

Lyles 

1240. 

Mahalasville 

1250. 

Markham 

1260. 

Markland 

1270. 

Martinsville 

1280. 

Martisco 

1290. 

Massie 

1300. 

Mather  ton 

1310. 

Maumee 

1320. 

McGary 

1330. 

Medway 

1340. 

Mellott 

1350. 

Mermill 

1360. 

Metatnora 

1370. 

Metea 

1380. 

Miami-Silt  Loam 

1381. 

Miami-Urban  Land 

1390. 

Milford 

1400. 

Millsdale 

1410. 

Milton 

1420. 

Monitor 
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-,v,v-A";cVARIABLE  NAME 

SERIES  (continued) 

CODE 

DESCRIPTION 

1430. 

Montgomery 

1440. 

Montmorenci 

1450. 

Morley 

1460. 

Morocco 

1470. 

Muren 

1480. 

Muskingum 

1490. 

Mussey 

1500. 

Nappanee 

1510. 

Negley 

1520. 

Newark 

1530. 

Newton 

1540. 

Nicholson 

1550. 

Nineveh 

1560. 

Nolin 

1570. 

Oakville 

1580. 

Ockley 

1590. 

Octagon 

1600. 

Odell 

1610. 

Oshtemo  ■ 

1620. 

Otwell 

1630. 

Owosso 

1640. 

Palms 

1650. 

Parke 

1660. 

Parr 

1670. 

Patton 

1680. 

Pekin 

1690. 

Peoga 

1700. 

Petrolia 

1710. 

Pewamo 

1720. 

Pike 

1730. 

Pinhook 

1740. 

Plainfield 
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-A"VV.':t VARIABLE  NAME 

SERIES  (continued) 

CODE 

DESCRIPTION 

1750. 

Piano 

1760. 

Pope 

1770. 

Princeton 

1780. 

Proctor 

1790. 

Quinn 

1800. 

Ragsdale 

1810. 

Rahm 

1820. 

Randolph 

1830. 

Rarden 

1840. 

Raub 

1850. 

Raws on 

1860. 

Reesville 

1870. 

Rensselaer 

1880. 

Riddles 

1890. 

Rimer 

1900. 

Robinson 

1910. 

Rockcastle 

1920. 

Rodman 

1930. 

Ross 

1940. 

Rossmoyne 

1950. 

Runnymede 

1960. 

Rush 

1970. 

Russell 

1980. 

St.  Clair 

1990. 

Saranac 

2000. 

Saugatuck 

2010. 

Sciotoville 

2020. 

Sebewa 

2030. 

Seward 

2040. 

Shadeland 

2050. 

Shipshe 

2060. 

Shoals 
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***:!fVARIABLE  NAME 


SERIES  (continued) 


CODE 

DESCRIPTION 

2070. 

Sidell 

2080. 

Sleeth 

2090. 

Sloan 

2100. 

Sparta 

2120. 

Scarks 

2120. 

Steff 

2130. 

Stendal 

2140. 

Stonelick 

2150. 

Stoy 

2160. 

Strole 

2170. 

Sunbury 

2180. 

Switzerla-d 

2190. 

Swygert 

2200. 

Sylvan 

2210. 

Taggart 

2220. 

Tana 

2230. 

Tedrow 

2240. 

Tilsit 

2250. 

Tippecanoe 

2260. 

Toledo 

2270. 

Toronto 

2280. 

Tracy 

2290. 

Trappist 

2300. 

Trcxel 

2310. 

i  y  r.  6  r 

2320. 

Uniontown 

2330. 

Vigo 

2340. 

Vincennes 

2350. 

Volinia 

2360. 

Wake land 

2370. 

Wallkill 

2380. 

Warners 

2390. 

Warsaw 
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^VARIABLE  NA^-IE 

SERIES  (continued) 

CODE 

DESCRIPTION 

2400. 

Wasepi 

2410. 

Washtenaw 

2420. 

Watseka 

2430. 

Wauseon 

2440. 

We  a 

2450. 

Weikert 

2460. 

Weinbach 

2470. 

Wellston 

2480. 

We St land 

2490. 

Wheeling 

2500. 

Whitaker 

2510. 

Whitson 

2520. 

Wilbur 

2530. 

Willette 

2540. 

Wingate 

2550. 

Woodmere 

2560. 

Woolper 

2570. 

Wynn 

2580. 

Xenia 

2590. 

Zanesville 

2600. 

Zipp 

2700. 

Borrow  Pit 

2800. 

Urban  Land 

2900. 

Alluvial  Land 

3000. 

Gravel  Pit 

3100. 

Gullied  Land 

3200. 

Strip  Mine 

3300. 

Cut  and  Fill 

3400. 

Made  Land 

c 

ton 
\ 
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Bridge  Project  .    Sheet    1 


LETTING  DATE  . 


START      DATE    ^^Y   1,   198P 
COMPLETION     DATE 


MADE   BY 
CHECKED    BY 

APPROVAL    BY 


CALENDAR     DAYS 

— > 

►-5/I/80 

9/30/80 

• 

WORK       DAYS   

>                                    10                      20                     30                     40                     50                      60                     70                     80                     90                      100                     ' 

NO, 

WORK      ITEMS 

QUANTITY 

DAILY 
PRODUCTIVITY 

1 

^tove  In 

- 

IH       1 

PROPOSED       ' 

1 

ACTUAL            j 

1 

Remove 

Existing  Structure 

- 

- 

iiH 

__1 

1 

1 

1 

: 

3 

Order  and 
Deliver  Piling 

^^ 

1 

\ 

Construct  Fill 

3.000  cyd 

500  cyd/day 

~> 

■■ 

1 

1 

4 

1 

1 

i               1 

S 

tent  1 
Zofferdam 

4   WKL 

1                         ■                          1 

: 

\ 

6 

Bent   1 
'iling 

1500  1ft 

500  1  ft/day 

3        5H                        1                                                           1 

! 

1                                            : 

(               t 1 

7 

tent  1 

Form  §  Pour  Footing 

10  cyd 

10  cyd/day 

6         ■                 ' 

i 

I           — 1 1 

1           ! 

8 

tent  1 

Juni  Huoi-jUig 

_ 

- 

'      ■ 

1                       •            ' 

'           1 

q 

3ewater,  Form  5 
'our  Bent  1  Stem 

20  cvd 

10  cyd/day 

■ 

I 

1     ^^ 

10 

tent  1 
:ap 

10  cyd 

10  cyd/day 

9                    1 

1 

,           1 

Bent  2 

1  ea. 

5  1^ 

' 

1 

11  Cofferdam 

!                     ' 

Bent   2 
il2  jPiling 

1500  1ft 

500  Ift/day 

n        ^B 

! 

Bent  2 
13  [Fonii  5  Pour  Footing 

10  cvd 

10  cvd/dav 

'7,9,121 

1                                  ^ 

Bent  2 
14  pure  Footing 

_ 

_ 

1 

'            1^* 

Deirater.  Form  5  Pour 

20  cvd 

10  cvd/dav 

9,    14    ■ 

.15 

Bent  2  Stem 

■ 

1 — 

bent  2 

10  cyd 

10  cyd/day 

I        IS       p                                 1 

16   :ap 

K'orth  End  Bent 

1000   1ft 

500  Ift/dav 

'       12  11 

1 

1"  Drive  Piling 

North  End  Bent 

30  O'd 

10  c\d/day 

1S      17          ^B 

1           1 

'18  Form  5  Pour 

'                          ; 

i 

North  End  Bent 

- 

- 

18 

^^^ 

19 

r 

Cure 

: 

i 

1 

South  End  Bent 

100  1ft 

500  Ift/dav 

1 

1  vH 

i 

'           1 

1 

_20  Drive  Piling 

1 

1 

* 

1 

1  1   1  1  1    1  1   M   1 MM 

M  M  II  1  1  1 

1 1 1 1 1  niLii  III  1 1 1 1 1  1 II  1 1  III  M 

!l  M  1  1  1  II  1 

1    I  1  1   1   1  I   1  1    ll    I    1  1  I  t  M   1 

1 1 1 1 1 1 1 1 1 

1 II 1 1 1 1 1 1 

jltar     9^0/7    She&-/  3. 


INDIANA     STATE     HIGHWAY    COMMISSION 


CONTKACT  BridRe   Project    -    Sheet    2 

PROJECT. 

DISTRICT    ■ • 


LETTING   DATE  _ 

START      DATE  - 

COMPLETION      DATE. 


MADE    9Y 
CHECKED    BY 

APPROVAL    BY 


CALENDAR      DAYS  

> 

^—5/1/80 

9/30/80 

WORK       DAYS   

> 

10                      20                      30                     40                     50                      60                    70                      80 

90                     IOO 

No. 

WOnK      ITEMS 

QUANTITY 

DAILV 
PRODUCTIVITY 

21 

.South  End  Bent 
I-'om  5  Pour 

30  cyd 

10  cyd/day 

18,    20 

^1 

PROPOSED 

ACTUAL            ■ 

22 

South  End  Bent 
Cure 

- 

^^ 

^^^^ 

^ i > 

■ 



23 

Beams 

^""           L 

i 

> — 

24 

Set  Beams 

_ 

10.16.  19,22.23    ■ 

1 

1 

' 

25 

Form  §  Pour 
Diaphrams 

15  cvd 

5  cvd/dav 

i                24 

^1 

1                         i 

;          ^ 

1 

26 

Cure 
Diaphrams 

- 

- 

1                ..      '25      ^ 

I                  : 

! 

27 

Form  Deck 
And  Coping 

- 

'                         26    r3)H^ 

^^^ 

28 

Rebar 

60,000  lbs 

20,000  Ibs/d 

av 

|27  (?^   wm 

29 

Pour  Deck  W/) 
Support  Cuttouts 

150  cyd 

150  cyd/day 

28  ;■ 

30 

Remove  Bulkheads 
§  Place  Concrete 

20  cyd 

10  cyd/day 

;           29 

■ 

I 

1 

Cure  Deck 

- 

30 

1 

31 

1 

Form  §  Pour 
32     lop  Wall 

30  cyd 

15  cyd/day 

31  mm 

Cure  Top 

- 

' 

32       1 

■■ 

|33 

Wall 

■, 

34 

Reinforced  Concrete 
Approaches 

ISn    r-)M 

30  cvd/dav 

j 

^^H 

1 

Cure 

- 

_ 

^H 

35    Approaches 

■           I 

:        Place  Compacted 

450  tons 

2000  tons /da 

35       1 

36     Aggregate 

1  Place 

75(1   tnn.; 

1300    tnn=;/da 

36        1 

J37     Bituminous  Mix 

1 

1 

;        Bridge  Rail 

800  1ft 

iOO  ]  ft/day 

33.35,37| 

1 

I 

138 

1 

1 

1 

Guard  Rail 

1200  1ft 

iOO  1 ft/day 

37    ■ 

'39  1 

1                          1 

'        Seeding  5  Sodding 

5000  syd 

!500  syd/day 

1 

37     ■! 

r 

40 

t 

.  . 



1  1   1  1  1    M   1  1    ll    M    1  11    1  1  i 

11 

M  1  1  11  III 

1  11  1  1  1  1  1  1 

11  1  1  11  1  1  1 

[  1  1 1 1 1  1 1  1 

1  1  1  1  1  1  M  1  ll  M  1  1  M  1  1 

1  1 1 1 1 1 1 1 1 

J 1  1  1 1 1  1  1  1 

^ 
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INDIANA     STATE    HIGHWAY    COMMISSION 


rn^TWArT  Bridge   Projects    -    Sheet    3 

PROJECT 

DISTRICT   ■ 


LETTING  DATE  _ 

START      DATE  - 

COMPLETION      DATE. 


MADE  8Y 
CHECKED   BY 

APPROVAL    BY 


CALENDAR      DAYS  ^ 

-►-5/1/80                                                                                                                                                                                                                  9/30/80 

WORK       DAYS  ^ 

10                       20                       30                     40                      50                       60                      70                       80                      90                      100 

>  1      I.I. .11 1  ..  1  1  1  1  1  1  J  1  1  1  1  1  1  1  1  1  1  1  1  1   1 1  I  1  1  1  1  1  1   1  1  1 1  1   1 1  1  1 1 

No. 

WORK      ITEMS 

QUANTITY 

DAILY 
PRODUCTIVITY 

41 

Clean-up 

- 

- 

38,39,40 

^^" 

PHOPOSEO       ' 

ACTUAL           1 

' 

■ 

1 

' 

1 

1 

— 

1 

1 

I 

1 

1 

1 

i 

1 

1 

1                                                       J 

1 

I 

1 

1 

' 

1 

■                            1 

1 

1 

1 

1 

1 

I 
1                          1 

j 

'                          1 

1— 

- : 

-        

11  II  Ml  1  1  ll  1  1  1  IN  M 

1  1  1  1  III  1  1 

1  11  1  1  1    III 

1   II  II  1  M  1 

III  1  1  1  1  1  1 

1  M  1  1  1  1  1! 

1  1  1  1  1  1  1  1  1  1 1  1  1  1  1  1  1  1  1 

1111 1  LI  1  1 

1  1  1  11 1  1  1  1 

~-i 

< 


o 
q: 
o 

a 

o 


Q 

LU 

> 

o 
o 


i 

i 


